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I .
I n t r o d u c t i o n
1 ,1  H i s t o r i c a l .
I t  seems t o  be  g e n e r a l l y  a g re e d  t h a t  th e  w ord  " c e l l ” 
was f i r s t  u s e d  i n  t h e  b i o l o g i c a l  s e n s e  by  R o b e r t  Hooke i n  
1665 t o  d e s c r i b e  m ic r o s c o p ie  s t r u c t u r e s  w h ic h  he  o b s e r v e d  
i n  c e r t a i n  p l a n t  t i s s u e s  and  p a r t i c u l a r l y  i n  c o r k .  S i m i l ­
a r  o b s e r v a t i o n s  w ere  made r a t h e r  l a t e r  i n  t h e  same c e n t u r y  
by  M a lp ig h i ,  Leeuwenhoek and Grew, b u t  a f t e r  L eeuw enhoekf s 
d e a t h  i n  1723 l i t t l e  f u r t h e r  p r o g r e s s  was made f o r  n e a r l y  a  
c e n t u r y .
T hese  e a r l y  w o rk e rs  r e g a r d e d  c e l l s  a s  co m p artm en ts  
i n t o  w h ic h  t h e  o rg an ism  was d i v i d e d ;  t h e i r  a t t e n t i o n  was 
f o c u s s e d  on t h e  c e l l  w a l l  r a t h e r  th a n  th e  c e l l  c o n t e n t s ,  
a s  i s  shown by t h e  t e r m in o lo g y  w h ic h  t h e y  u s e d ,  v i z . ,  
u t r i c u l i  ( M a lp ig h i ) ,  c e l l s  and  p o r e s  (H ooke), b l a d d e r s  
(G rew ). I f  t h e y  n o t i c e d  t h e  e x i s t e n c e  o f  t h e  c e l l  n u c l e u s  
th e y  d i d  n o t  a t t a c h  any  s p e c i a l  s i g n i f i c a n c e  t o  i t .  The 
m odem  v ie w , t h a t  t h e  l o w e s t  p l a n t s  a r e  s i n g l e  c e l l s  w h i l e  
h i g h e r  p l a n t s  a r e  a g g r e g a t e s  o f  c e l l s ,  and t h a t  t h e  n u c le u s  
p l a y s  a  s p e c i a l  r $ l e  in  th e  l i f e  o f  t h e  c e l l ,  d a t e s  f ro m  
th e  r e v i v a l  o f  i n t e r e s t  i n  t h e  m ic r o s c o p ic  s t r u c t u r e  o f  
p l a n t s  w h ich  t o o k  p l a c e  a t  t h e  b e g in n in g  o f  t h e  n i n e t e e n t h  
c e n t u r y .  I t  was f i r s t  c l e a r l y  and  u n am b ig u o u s ly  s t a t e d  by 
S c h le id e n  i n  1 8 3 8 , seven  y e a r s  a f t e r  Brovra h ad  by h i s  work
on O rc h id s  drawn a t t e n t i o n  to  t h e  im p o r ta n c e  o f  t h e  n u c l e u s .
In  t h e  f o l lo w in g  y e a r  Schwann e x te n d e d  S c h l e i d e n *s t h e o r y  t o  
t h e  a n im a l  kingdom and  p o i n t e d  o u t  th e  e s s e n t i a l  s i m i l a r i t y  
b e tw ee n  p l a n t  and a n im a l  c e l l s .  Between 1840 and  1870 t h e  
fu n d a m e n ta l  o u t l i n e s  o f  t h e  c e l l  t h e o r y  i n  so m e th in g  l i k e  
i t s  m odern fo rm  w ere g r a d u a l l y  w o rk ed  o u t ,  t h e  r e s e a r c h e s  o f  
K 'o l l ik e r  i n  em bryo logy  and  V irchow i n  p a th o l o g y  b e in g  o f  
p a r t i c u l a r  s i g n i f i c a n c e .  The c a r d i n a l  im p o r ta n c e  o f  th e  
n u c le u s  was f i n a l l y  e s t a b l i s h e d  i n  t h e  l a s t  q u a r t e r  o f  t h e  
c e n t u r y  when S t r a s b u r g e r ,  S c h n e id e r ,  Flemming and  o t h e r s  
e l u c i d a t e d  th e  com plex  p r o c e s s  o f  m i t o s i s  and  was f u r t h e r  
em p hasized  when B o v e r i ,  S u t to n  and  o t h e r s  d e m o n s t r a te d  t h e  
r e l a t i o n s h i p  b e tw ee n  t h e  chromosomes and t h e  m echanism  o f  
M en d e lian  i n h e r i t a n c e .
The f i r s t  i n v e s t i g a t i o n  o f  t h e  c h e m ic a l  n a t u r e  o f  t h e  
c e l l  n u c le u s  was u n d e r t a k e n  by F r i e d r i c h  M ie sc h e r  i n  1868 .
Pus c e l l s  o b t a i n e d  by  e x t r a c t i n g  s u r g i c a l  b a n d a g e s  w i t h  a 
d i l u t e  s o l u t i o n  o f  sod ium  s u l p h a t e  w ere  s u b j e c t e d  to  th e  
a c t i o n  o f  a r t i f i c i a l  g a s t r i c  j u i c e .  T h is  t r e a t m e n t  d i g e s t e d  
away th e  c y to p la s m  l e a v i n g  t h e  more r e s i s t a n t  n u c l e i  as an 
i n s o l u b l e  pow der. I f  t h i s  powder was e x t r a c t e d  w i th  d i l u t e  
sodium  c a r b o n a te  and  t h e  e x t r a c t  a c i d i f i e d  w i t h  a c e t i c  a c i d  
a  f l o c c u l e n t  p r e c i p i t a t e  was o b t a i n e d  w hich  was s o l u b l e  in  
d i l u t e  a l k a l i  b u t  i n s o l u b l e  i n  w a t e r ,  d i l u t e  a c i d  o r  o r g a n ic  
s o l v e n t s .  On e x a m in a t io n ,  i t  was found  to  c o n t a i n  p h o sp h o ru s
and  t o  g iv e  th e  u s u a l  c o lo u r  r e a c t i o n s  f o r  p r o t e i n .  M ie sc h e r  
c a l l e d  t h i s  m a t e r i a l  (w hich  we now know to  h av e  b e en  a n u c l e o -  
p r o t e i n )  " n u c l e i n " .  S h o r t l y  a f t e r w a r d s  H o p p e -S e y le r  and h i s  
a s s o c i a t e s  o b t a i n e d  s i m i l a r  s u b s ta n c e s  by  a p p ly in g  M ie s c h e r 1s 
m ethods t o  y e a s t  and  t o  e r y t h r o c y t e s .  In  h i s  l a t e r  work 
M ie sc h e r  u se d  a s  a r e a d i l y  a c c e s s i b l e  s o u rc e  o f  " n u c l e in "  
th e  sp e rm a to z o a  o f  t h e  Rhine sa lm o n . From t h i s  s t a r t i n g  
m a t e r i a l  he was a b l e  to  i s o l a t e  a  p r o t e i n - f r e e  " n u c l e in "
( i . e . ,  a  n u c l e i c  a c i d )  and a n i t r o g e n - r i c h  o r g a n ic  b a s e  o f  
unknown c o n s t i t u t i o n  v h i c h  h e  named " p ro ta m in e "  ( M ie s c h e r ,1 8 9 7 ) .
1 .2  The s t r u c t u r e  o f  t h e  n u c l e i c  a c i d s .
R e s e a rc h  i n t o  t h e  o c c u r r e n c e  and p r o p e r t i e s  o f  t h e  
n u c l e i c  a c i d s  was f i r s t  p u t  on a f i r m  b a s i s  when K o s se l  
(1879 -  1888) d i s c o v e r e d  t h a t  t h e y  c o n ta in e d  s o - c a l l e d  " a l l o x -  
u r i c  b a s e s "  ( i n  m odem  t e r m in o l o g y ,  p u r in e  b a s e s )  and c o u ld  
t h e r e b y  be  d i s t i n g u i s h e d  b o t h  f ro m  p r o t e i n s  and from  o t h e r  
n a t u r a l l y - o c c u r r i n g  p h o sp h o ru s  compounds. P r o g r e s s  w a s ,  how­
e v e r ,  s t i l l  impeded by th e  l a c k  o f  a s a t i s f a c t o r y  g e n e r a l  
m ethod f o r  t h e  p r e p a r a t i o n  o f  p r o t e i n - f r e e  n u c l e i c  a c i d s .
T h is  was s u p p l i e d  when , i n  1 8 9 8 fNeumann, d i s r e g a r d i n g  M ie s c h e r 1s 
w a rn in g  a b o u t  t h e  p o s s i b l e  c o n se q u e n c e s  o f  u s i n g  h ig h  te m p e ra ­
t u r e s  and  p ro lo n g e d  t r e a t m e n t  w i t h  a l k a l i ,  d e v i s e d  a  m ethod  
b a s e d  on t h e  e x t r a c t i o n  o f  m inced  t i s s u e  w i t h  h o t  d i l u t e  
sodium  h y d r o x id e .  I t  i s  no  e x a g g e r a t io n  t o  s a y  t h a t  t h e  u se  
o f  t h i s  and o t h e r  s i m i l a r  i s o l a t i o n  t e c h n iq u e s  p r o f o u n d ly
I n f l u e n c e d  t h e  f u t u r e  c o u r s e  o f  n u c l e i c  a c i d  r e s e a r c h .  The 
t a c i t  a s s u m p t io n  t h a t  n u c l e i c  a c i d s  w ere  c a p a b le  o f  w i t h s t a n d ­
i n g  su c h  d r a s t i c  t r e a t m e n t  u n ch an g ed  l e d  u l t i m a t e l y  to  a 
t o t a l l y  f a l s e  im p r e s s io n  o f  t h e i r  s t r u c t u r e  a n d  p o s s i b l e  
f u n c t i o n s .  In  th e  m ea n tim e , h o w e v er ,  th e  d i f f i c u l t i e s  f a c i n g  
t h e  a n a l y s t  w ere  c o n s i d e r a b l y  r e d u c e d  an d  th e  n e x t  t h i r t y  
y e a r s  saw a l e n g t h y  and l a b o r i o u s  i n v e s t i g a t i o n  by th e  c l a s s i ­
c a l  m ethods o f  o r g a n i c  c h e m is t r y  o f  th e  d e t a i l e d  s t r u c t u r e  o f  
th e  n u c l e i c  a c i d  m o le c u l e ,  an  i n v e s t i g a t i o n  w i t h  w h ich  t h e  
names o f  K o s s e l ,  Hamrnarsten, M andel, L e v e n e ,  J o r p e s ,  S t e u d e l ,  
Jo n e s  and  F e u lg e n  a r e  e s p e c i a l l y  a s s o c i a t e d .  In  th e  e a r l y  
y e a r s  o f  th e  p r e s e n t  c e n tu r y  i t  was e s t a b l i s h e d  t h a t  n u c l e i c  
a c i d s  o f  p l a n t  and a n im a l  o r i g i n  c o n t a i n e d  o n ly  two p u r i n e  
b a s e s ,  a d e n in e  a n d  g u a n in e ,  in  r o u g h l y  e q u im o le c u la r  p r o ­
p o r t i o n s .  A t a b o u t  th e  same t im e  i t  was shown t h a t  t h e  
n u c l e i c  a c i d s  i s o l a t e d  from  a n im a l  t i s s u e s  c o n t a i n e d ,  i n  
a d d i t i o n ,  t h e  p y r im id in e  b a s e s  c y t o s i n e  and  th y m in e ,  w hereas  
t h o s e  i s o l a t e d  f ro m  y e a s t  and  w h e a t  embryo c o n ta in e d  c y to s in e  
and  u r a c i l  ( J o n e s ,  1 9 2 0 a ) .  In  1909 Levene i d e n t i f i e d  th e  
n i t r o g e n - f r e e  o r g a n ic  com ponent o f  y e a s t  n u c l e i c  a c i d  a s  
B ( - ) r i b o s e  and tw e n ty  y e a r s  l a t e r  t h e  same a u th o r  showed 
t h a t  t h e  c o r r e s p o n d in g  component o f  thym us n u c l e i c  a c i d  was 
D -2 -d e o x y r ib o s e .  The m anner i n  w h i c h  t h e s e  u n i t s  w ere  
l i n k e d  t o  one a n o th e r  a n d  t o  th e  p h o sp h o ru s  p r e s e n t  i n  t h e  
m o le c u le  was made c l e a r  when n u c l e o s i d e s  ( c o n d e n s a t io n
p r o d u c t s  o f  a  p u r in e  o r  p y r im id in e  w i th  a  p e n to s e  o r  deox y -  
p e n to s e )  and n u c l e o t i d e s  ( p h o s p h o r ic  e s t e r s  o f  n u c l e o s i d e s )  
were d i s c o v e r e d  i n  t h e  h y d r o l y s i s  p r o d u c t s  o f  b o t h  y e a s t  
n u c l e i c  a c i d  an d  thym us n u c l e i c  a c i d .
These c h e m ic a l  s t u d i e s  were c o m p re h e n s iv e ly  re v ie w e d  
by Levene & Bass in  1931 . By t h a t  tim e  i t  had  become 
a p p a r e n t  t h a t  n u c l e i c  a c i d s  w ere  p o l y n u c l e o t i d e s  and  t h a t  
th e y  c o u ld  be d i v i d e d  I n t o  two c l a s s e s .  One c l a s s ,  t h e  so -  
c a l l e d  r i b o n u c l e i c  a c i d s  ( M ) ,  t y p i f i e d  by y e a s t  n u c l e i c  
a c i d ,  c o n ta in e d  a d e n in e ,  g u a n in e ,  c y to s in e  and  u r a c i l  t o ­
g e t h e r  w i t h  a p e n t o s e ,  known I n  t h e  c a s e  o f  y e a s t  KKA t o  
be D ( - ) r i b o s e .  The o t h e r  c l a s s ,  th e  d e o x y r i b o n u c le i c  a c i d s  
(IMA), o f  w h ic h  thymus n u c l e i c  a c i d  was t h e  member m ost 
th o r o u g h ly  i n v e s t i g a t e d ,  c o n ta in e d  a d e n i n e ,  g u a n in e ,  c y to s in e  
and  thym ine  t o g e t h e r  w i th  a  d e o x y p e n to s e , known in  t h e  c a s e  
o f  thymus IMA t o  be  D - 2 - d e o x y r ib o s e .  ( I t  h a s  b een  p o i n t e d  
o u t  by D av id so n , 1950, t h a t  th e  u s e  o f  th e  w ords " r i b o n u c l e i c ” 
and " d e o x y r ib o n u c le i c "  t o  d e s c r i b e  n u c l e i c  a c i d s  o t h e r  th a n  
th o s e  w h ich  have been  p o s i t i v e l y  shown to  c o n t a i n  r i b o s e  and 
d e o x y r i b o s e , r e s p e c t i v e l y ,  i s ,  s t r i c t l y  s p e a k in g ,  u n j u s t i f i e d .  
In  a c c o rd a n c e  w i t h  c o n v e n t io n ,  h o w e v e r ,  t h e  a b b r e v i a t i o n s  
RNA and  MA w i l l  be u sed  th r o u g h o u t  t h e  p r e s e n t  work a s  
g e n e r i c  te rm s  t o  d e n o te  p e n to s e  and  d e o x y p en to se  n u c l e i c  
a c i d s ,  r e s p e c t i v e l y . )
S in c e  b o th  M  and  MA had  been  shown t o  c o n t a i n  f o u r
6 .
n u c l e o t i d e s  and  s i n c e  t h e r e  was some e v id e n c e  t h a t  t h e s e  
were p r e s e n t  i n  e q u im o le c u la r  p r o p o r t i o n s  th e  e a r l y  w o rk e rs  
b e l i e v e d  t h a t  b o th  ty p e s  o f  n u c l e i c  a c i d  h ad  v e ry  p r o b a b ly  
a  t e t r a n u c l e o t i d e  s t r u c t u r e  ( se e  f i g s .  l a n d  2 } .
Onee i t  was a c c e p t e d  t h a t  t h e  n u c l e i c  a c i d s  had  a 
s t r u c t u r e  o f  t h i s  c o m p a r a t iv e ly  s im p le  s o r t  t h e  q u e s t i o n  
n a t u r a l l y  a r o s e  w h e th e r  a l l  sp ec im en s  o f  RKA, i r r e s p e c t i v e  
o f  th e  t i s s u e  fro m  w h ich  th e y  were o b t a i n e d ,  m ig h t  n o t  be  
i d e n t i c a l  w i t h  y e a s t  KNA, and a l l  spec im en s  o f  HJA s i m i ­
l a r l y  i d e n t i c a l  w i t h  thymus IlfA. Such e v id e n c e  a s  was 
a v a i l a b l e  seemed t o  s u g g e s t  t h a t  t h i s  w a s ,  i n  f a c t ,  th e  c a s e .  
The w heat germ  RNA o f  O sborne  & H a r r i s  (1902) h a d  p r o p e r t i e s  
v e ry  s i m i l a r  t o  t h o s e  o f  y e a s t  RHA and  Jo n e s  (1908) was 
u n a b le ,  i n  th e  c o u r s e  o f  an  o p t i c a l  r o t a t i o n  s t u d y ,  to  f i n d  
s i g n i f i c a n t  d i f f e r e n c e s  b e tw ee n  t h e  DHAs o f  th y m u s , p a n ­
c r e a s  and s p l e e n .  I t  i s  n o t  t h e r e f o r e  s u r p r i s i n g  t h a t  
Jo n e s  (1920a) s h o u ld  have  c a t e g o r i c a l l y  s t a t e d  t h a t  t h e r e  
w ere  o n ly  two n u c l e i c  a c i d s  o r  e v en  t h a t  Levene & J a c o b s  
(1912) sh o u ld  hav e  p u b l i s h e d  a p a p e r  on  t h e  s t r u c t u r e  o f  
nthymus n u c l e i c  a c i d ” b a s e d  e n t i r e l y  on r e s u l t s  o b t a in e d  
w i t h  f i s h  sperm  31\iA.
The e a r l i e s t  a t t e m p t s  to  e s t i m a t e  t h e  m o le c u l a r  w e i g h t  
o f  n u c l e i c  a c id s  w ere  made by  Myrback & J o r p e s  (1 9 3 5 ) .
The f i g u r e s  o f  1300 -  1700 r e p o r t e d  by t h e s e  w o r k e r s  w e re ,  
a l lo w in g  f o r  t h e  e r r o r s  and u n c e r t a i n t i e s  o f  t h e i r  m ethod ,
p h o s p h o r ic  a c i d  
p h o s p h o r ic  a c i d
i
p h o s p h o r ic  a c i d  
p h o s p h o r ic  a c i d
su g a r
"sugar
lugar
s u g a r
b a se
b a s e
b a s e
b a s e
F ig u r e  1 .
T e t r a n u c l e o t i d e  s t r u c t u r e  p ro p o se d  f o r  n u c l e i c  a c i d  by
F e u lg e n  (1 9 1 8 ) .
su g a rp h o s p h o r ic  a c i d  
p h o s p h o r ic  a c i d  
p h o s p h o r ic  a c i d  
p h o s p h o r ic  a c i d  - s u g a r  
F ig u r e  2 .
su g a r
is u g a r
b a se
b ase
b a se
b a s e
T e t r a n u c l e o t i d e  s t r u c t u r e  p ro p o s e d  f o r  n u c l e i c  a c i d  by
Jo n e s  (1 9 2 0 b ) .
r b a se - su g a r
b a se - s u g a r
b a s e - s u g a r
b a se - s u g a r
p h o s p h o r ic  a c i d '  
p h o s p h o r ic  a c i d  
p h o s p h o r ic  a c i d  
p h o s p h o r ic  a c i d
F i g u r e  3 .
x
P o l y t e t r a n u c l e o t i d e  s t r u c t u r e  p ro p o s e d  f o r  n u c l e i c  a c i d  
(G -re e n s te in ,  1 9 4 4 ) .
Table 1 .
E s t im a te s  o f  th e  m o le c u la r  w e i g h t s  o f  r i b o n u c l e i c  a c i d s  
(RNA) p r e p a r e d  fro m  v a r i o u s  s o u r c e s .
S ou rce  M o le c u la r  w e ig h t  R e fe re n c e
1 6 ,3 0 0  -  2 3 ,9 0 0  (1)
Y e a s t  1 7 ,0 0 0  (2)
1 0 ,2 8 0  -  2 3 ,2 5 0  (3)
E s c h e r i c h i a
c o l i  1 7 ,5 0 0  (1)
Tobacco m o sa ic  3 7 ,0 0 0  (2)
v i r u s  5 0 ,0 0 0  -  3 0 0 ,0 0 0  (4)
P a n c re a s  1 1 ,5 0 0  (1 )
from  (1) Delcambe Sc D esreu x  (1 9 5 0 ) ,
(2) L o r in g  (1 9 3 9 ) ,
(3) F l e t c h e r ,  G u l l a n d ,  J o r d a n  & Dibben (1 9 4 4 ) ,  
and (4) Cohen Sc S t a n l e y  (1 9 4 2 ) .
Table 2 .
E s t im a te s  o f  th e  m o le c u l a r  w e ig h t  o f  c a l f  thymus 
d e o x y r ib o n u c le i c  a c i d  (DtfA).
Method M o le c u la r  w e ig h t  R e fe re n c e
S e d im e n ta t io n  1 ,5 0 0 ,0 0 0  (1)
and d i f f u s i o n  1 ,5 0 0 ,0 0 0  (2)
m easu rem en ts  5 0 0 ,0 0 0  (3)
8 2 0 ,0 0 0  (4)
M easurem ents o f  
l i g h t  s c a t t e r i n g
3 ,7 0 0 ,0 0 0  (5)
D i e l e c t r i c  3 5 ,0 0 0
m easu rem en ts  -  1 3 5 ,0 0 0
( 6 )
f ro m  (1) K a h le r  (1 9 4 8 ) ,
( 2 )  Conway, G i l b e r t  Sc B u t l e r  ( 1 9 5 0 ) ,
(3) T en n an t  Sc V i l b r a n d t  (1 9 4 3 ) ,  
V i l b r a n d t  & T en n an t  (1 9 4 3 ) ,
(4) C e c i l  Sc O gston  (1 9 4 8 ) ,
(5) S m ith  & S c h e f f e r  (1 9 5 0 ) ,
and (6) J u n g n e r ,  J u n g n e r  Sc A l lg e n  (1 9 4 9 ) ,  
Ju n g n e r  (1 9 5 0 ) .
i n  r e a s o n a b l y  good a g re e m e n tw  i t h  t h e  t h e o r e t i c a l  m o le c u la r  
w e ig h t  o f  a  t e t r a n u c l e o t i d e  (1 3 5 7 ) .  These r e s u l t s  w e re ,  
h o w e v e r ,o b t a i n e d  f ro m  m a t e r i a l  i s o l a t e d  and  p u r i f i e d  by a 
f a i r l y  d r a s t i c  t e c h n i q u e /  When d e t e r m i n a t i o n s  w ere c a r r i e d  
o u t  on RNA and DNA i s o l a t e d  by  m i l d e r  p r o c e d u r e s  much h i g h e r  
f i g u r e s  w ere  o b ta in e d  ( s e e  T a b le s  1 and  2 ) .  I t  i s  p e rh a p s  
u n f o r t u n a t e  t h a t  t h e  r e s u l t s  o b t a i n e d  by  d i f f e r e n t  w o rk e rs  
u s i n g  d i f f e r e n t  m ethods s h o u ld  v a ry  so w id e ly .  N e v e r th e ­
l e s s  even  i f  t h e  lo w e s t  e s t i m a t e s  o f  m o le c u la r  w e ig h t  shown 
i n  T a b le s  1 and  2 a r e  assum ed t o  be c o r r e c t  i t  f o l l o w s  t h a t  
th e  KNA m o le c u le  m ust  c o n t a i n  a t  l e a s t  30 n u c l e o t i d e  u n i t s  
and  t h e  IMA m o le c u le  a t  l e a s t  100 .
C u r io u s ly  en ough , t h e  d i s c o v e r y  t h a t  t h e  n u c l e i c  a c i d  
m o le c u le  c o n ta in e d  more th a n  4 n u c l e o t i d e  u n i t s  d i d  n o t  l e a d  
t o  t h e  c o m p le te  abandonm ent o f  t h e  t e t r a n u c l e o t i d e  t h e o r y .  
I n s t e a d ,  i t  was s u g g e s t e d  t h a t  t h e  n u c l e i c  a c i d  m o le c u le  
m ig h t  b e ,  n o t  a s i n g l e  t e t r a n u c l e o t i d e ,  b u t  a  po lym er o r  
p o ly c o n d e n s a t io n  p r o d u c t  i n  w hich  a t e t r a n u c l e o t i d e  was th e  
r e p e a t i n g  u n i t .  The fo r m u la  shown i n  f i g . 3 ,  w h ich  was f i r s t  
p ro p o se d  by  Levene (L evene & London, 1929 ; Levene & B a s s ,  
1 9 3 1 ) ,  was r e g a r d e d  a s  l a t e  a s  1944 a s  r e p r e s e n t i n g  t h e  p r o ­
b a b le  s t r u c t u r e  o f  b o th  RNA and IMA ( G r e e n s t e in ,  1 9 4 4 ) .
“The m ethods o f  Myrback & J o r p e s  (1935) h av e  b e en  
s e v e r e l y  c r i t i c i s e d  by F l e t c h e r  (1948) who h a s  r e c a l c u l a t e d  
t h e i r  r e s u l t s  and o b t a i n e d  a  v a lu e  o f  6000 f o r  th e  m o le c u la r  
w e ig h t  o f  t h e i r  m a t e r i a l .
I t  -was l e f t  to  G u l la n d  and. h i s  a s s o c i a t e s  t o  p o i n t  o u t  how 
weak t h e  e x p e r im e n ta l  f o u n d a t i o n  f o r  t h i s  ,fp o l y t e t r a n u c l e o -  
t i d e M h y p o t h e s i s  r e a l l y  was (G u l la n d ,  B a rk e r  & J o r d a n ,  1945; 
G u l la n d ,  1947a , b ;  C r e e th ,  G u l la n d  & J o r d a n ,  1 9 4 7 ) .  I t  d e ­
pended  e n t i r e l y  on th e  a s su m p t io n  t h a t  t h e  f o u r  n u c l e o t i d e s  
o f  a  n u c l e i c  a c i d  were p r e s e n t  i n  e q u im o le c u la r  p r o p o r t i o n s .
A c o n s i d e r a b l e  body o f  e v id e n c e  i n d i c a t e d  t h a t  t h i s  a s su m p tio n  
was a t  l e a s t  a p p ro x im a te ly  t r u e  and so lo n g  a s  th e  n u c l e i c  
a c i d  m o le c u le  was th o u g h t  t o  be s m a l l  ( e . g . ,  c o n t a i n i n g  4 o r  
8 n u c l e o t i d e s )  m ino r  d i s c r e p a n c i e s  b e tw een  th e  a c t u a l  r e ­
s u l t s  o f  a n a l y s e s  and th e  t h e o r e t i c a l  r e q u i r e m e n ts  o f  th e  
t e t r a n u c l e o t i d e  fo rm u la  c o u ld  be a t t r i b u t e d  t o  e x p e r im e n ta l  
e r r o r .  When i t  became c l e a r  t h a t  t h e  n u c l e i c  a c i d  m o lecu le  
c o n ta in e d  a t  l e a s t  30 n u c l e o t i d e s  t h i s  p r a c t i c e  c e a s e d  to  be 
p e r m i s s i b l e .  But even i f  i t  i s  assum ed t h a t  th e  f o u r  n u c l e o ­
t i d e s  a r e  p r e s e n t  i n  e x a c t l y  e q u im o le c u la r  p r o p o r t i o n s  i t  by  
no means f o l lo w s  t h a t  t h e y  m ust n e c e s s a r i l y  be a r r a n g e d  in  a  
r e g u l a r  u n c h a n g in g  sequence  t h u s : -
ABCmBCmBCmBCDABCmBCBABCI).
They may e q u a l l y  w e l l  be  a r r a n g e d  i n  a q u i t e  i r r e g u l a r  
m anner t h u s : -
BACC CADBDADDCBCCRAADA CAB.
G u lla n d  c a l l e d  t h i s  s o r t  o f  s t r u c t u r e  a  s t a t i s t i c a l ,  a s  
opposed  to  a  s t r u c t u r a l ,  t e t r a n u c l e o t i d e .
Even in  1945 t h e r e  was some e v id e n c e  t h a t  t h e  f o u r
n u c l e o t i d e s  were n o t  p r e s e n t  i n  e x a c t l y  e q u im o le c u la r  p r o ­
p o r t i o n s  i n  a l l  n u c l e i c  a c i d s .  F o r  ex am p le , t h e  KEF A o f  
to b a c c o  m o sa ic  v i r u s  h ad  a  p u r in e  c o n t e n t  20% lo w er  th a n  
t h a t  p r e d i c t e d  b y  t h e  t e t r a n u c l e o t i d e  t h e o r y  ( L o r in g ,  1 9 3 9 ) ;  
p a n c re a s  KNA i s  r e c o r d e d  a s  h a v in g  a c o n s i d e r a b l e ,  i f  
v a r i a b l e ,  e x c e s s  o f  g u a n y l i c  a c i d  ( J o r p e s ,  1928 , 1934;
Levene 5c J o r p e s ,  1 9 3 0 ) ;  th e  RNA o f  r a t  l i v e r  h a s  a  n i t r o g e n :  
p h o sp h o ru s  r a t i o  h i g h e r  t h a n  t h a t  r e q u i r e d  by t h e  t h e o r y  
(B ru e s ,  T rac y  cc Cohn, 1 9 4 4 ) ;  and  G u llan d  h i m s e l f  was a b l e  
t o  show t h a t  t h e  p u r i n e  n i t r o g e n  : p y r im id in e  n i t r o g e n  r a t i o s  
o f  y e a s t  RNA and c a l f  thymus 33$A were 1 .8 6  and 1 .6 0  r e s p e c t i v e ­
l y  i n s t e a d  o f  2 .0  a s  th e  t h e o r y  would i n d i c a t e  (G u l la n d ,
J o r d a n  & T h r e l f a l l ,  1 9 4 7 ) .
In  r e c e n t  y e a r s  th e  a p p l i c a t i o n  o f  p a p e r  c h ro m a to ­
g ra p h y  t o  t h e  s e p a r a t i o n  o f  h y d r o l y s i s  p r o d u c t s  and th e  
e s t i m a t i o n  o f  t h e s e  p r o d u c t s  by  u l t r a v i o l e t  a b s o r p t i o n  
m easu rem en ts  have  g r e a t l y  f a c i l i t a t e d  th e  i n v e s t i g a t i o n  o f  
th e  n u c l e o t i d e  c o m p o s i t io n  o f  th e  n u c l e i c  a c i d s  ( H o tc h k i s s ,  
1948; V is c h e r  & C h a r g a f f ,  1 9 48 ; Markham & S m ith , 1949;
Sm ith  & Markham, 1 9 5 0 ) .  The r e s u l t s  o b t a i n e d  by  t h e s e  m ethods 
h av e  b een  q u i t e  i n c o n s i s t e n t  w i t h  th e  t e t r a n u c l e o t i d e  t h e o r y  
i n  any o f  i t s  v a r i o u s  m o d i f i c a t i o n s .  In  p a r t i c u l a r ,  t h e  u se  
o f  c h ro m a to g ra p h y  h a s  l e d  t o  t h e  d i s c o v e r y ,  among th e  h y d r o l ­
y s i s  p r o d u c t s  o f  h e r r i n g  sperm  DNA, o f  a  f i f t h  n i t r o g e n o u s  
b a s e ,  th e  a m in o p y r im id in e  5 - m e th y lc y to s in e  (W ya tt ,  1 9 5 0 ) .
The e x i s t e n c e  o f  t h e  c o r r e s p o n d in g  n u c l e o t i d e  was s u b s e q u e n t -
b
l y  d e m o n s t r a te d  by Cohn (1951J). I t  a p p e a r s  t o  o c c u r  i n  th e  
H A  o f  a l l  h i g h e r  p l a n t s  and  a n im a ls  so  f a r  i n v e s t i g a t e d  b u t ,  
e x c e p t  i n  th e  c a s e  o f  w heat germ DM , i t  i s  p r e s e n t  o n ly  in  
v e ry  s m a l l  a m o u n ts .  I t  h a s  n o t  so  f a r  b e e n  d e t e c t e d  i n  
t h e  DNA o f  b a c t e r i a ,  o r v i r u s e s  o r  in  RNA (W y att ,  1 9 5 1 ) .
Q u i te  r e c e n t l y  W yatt & Cohen (1952) h av e  r e p o r t e d  t h e  
o c c u r r e n c e ,  i n  t h e  DNA o f  b a c t e r i o p h a g e ,  o f  a  s i x t h  b a se  
th o u g h t  t o  be h y a ro x y m e th y lc y to s in e .  I t  would t h e r e f o r e  be 
u n w ise  t o  assume t h a t  no new com ponents o f  n u c l e i c  a c i d s  
rem a in  t o  be  d i s c o v e r e d .
A f u r t h e r  c o m p l i c a t io n  was i n t r o d u c e d  i n t o  th e  p ro b lem  
o f  n u c l e i c  a c id  s t r u c t u r e  when C a r te r  & Cohn (1949) 
d e m o n s t r a te d  t h a t  i n  h y d r o l y s a t e s  o f  RNA t h e r e  e x i s t  2 
a d e n y l i c  a c i d s  s e p a r a b l e  on io n  exchange  colum ns ( C a r t e r  & 
Cohn, 1949<) o r  by  p a p e r  c h ro m a to g ra p h y  ( C a r t e r ,  1 9 5 0 ) .  I t  
was s u b s e q u e n t ly  shown t h a t  2 g u a n y l i c  a c i d s  (Cohn, 1949b , 
1950a; V o lk in  & C a r t e r ,  1 9 5 1 ) ,  2 u r i d y l i c  a c i d s  and 2 
c y t i d y l i c  a c i d s  (Cohn, 1950b) a r e  a l s o  p r e s e n t  i n  RITA h y d ro ­
l y s a t e s .  I t  i s  n o t  y e t  known w h e th e r  a l l  8 n u c l e o t i d e s  a re  
a c t u a l l y  p r e s e n t  i n  th e  RNA m o le c u le .  S in c e  i n  e a c h  c a s e  
t h e  two is o m e rs  a r e  r e a d i l y  i n t e r c o n v e r t i b l e  i n  h o t  m in e r a l  
a c i d  i t  i s  p o s s i b l e  t h a t  one m ig h t be form ed from  th e  o t h e r
CL
d u r in g  th e  p r o c e s s  o f  h y d r o l y s i s  (Cohn, 1951j). No s i m i l a r  
iso m e r ism  h a s  y e t  been  r e p o r t e d  i n  t h e  n u c l e o t i d e s  o f  I1TA.
T ab le  5 .
N u c le o t id e  c o m p o s i t io n  o f  r i b o n u c l e i c  a c i d  (RNA) from  
v a r i o u s  s o u r c e s .  R e s u l t s  e x p r e s s e d  a s  m o le s  g u a n y l i c  
a c i d ,  c y t i d y l i c  a c i d  and u r i d y l i c  a c i d  p e r  10 m o le s  a d e n y l i c  
a c i d .
Source
A d e n y l ic
a c id
G u a n y l ic
a c i d
C y t i d y l i c
a c i d
U r id y l :  
ac i d
Y e a s t 10 9 .7 6 .1 7 .0
P ig  p a n c r e a s 10 2 2 .5 9 .8 4 .6
P ig  l i v e r 10 1 6 .3 1 6 .1 7 .7
Sheep l i v e r 10 1 6 .8 1 3 .4 5 .6
C a l f  l i v e r 10 1 6 .2 1 1 .1 5 .3
B eef l i v e r 10 1 4 .6 1 0 .9 6 .6
from  C h a r g a f f ,  M ag asan ik , V i s c h e r ,  G re en ,  D o n ig e r  & 
E ls o n  (1 9 5 0 ) .
Table 4 .
N u c le o t id e  c o m p o s i t io n  o f  d e o x y r i b o n u c le i c  a c i d  (HIA) from  
v a r i o u s  s o u r c e s .  M olar r a t i o s  c a l c u l a t e d  to  a  t o t a l  o f
4 .0 0
Source A denine Thymine Guanine C y to s in e 5 -Methy] 
c y t o s i m
C a lf  thymus 1 .1 3 1 .1 1 0 .8 6 0 .8 5 0 .0 5 4
B eef  s p l e e n 1 .1 3 1 .1 2 0 .8 5 0 .8 5 0 .0 5 4
B u i l  sperm 1 .1 5 1 .0 9 0 .8 9 0 .8 3 0 .0 5 2
Ram sperm 1 .1 5 1 .0 9 0 .8 8 0 .8 4 0 .0 3 9
H e r r in g  sperm  . 1 .1 1 1 .1 0 0 .8 9 0 .8 3 0 .0 7 5
Wheat germ 1 .0 5 1 .0 8 0 .9 4 0 .6 9 0 .2 3
Bovine t u b e r c l e  
b a c i l l i 0 .7 1 0 .7 6 1 .1 7 1 .3 5 0
B a c te r io p h a g e  T^ 1 .3 4 1 .4 4 0 .8 2 0 .4 1 0
from  W yatt (1951) and  S m ith  & W yatt  (1 9 5 1 ) .
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Table 6 .
N u c le o t id e  c o m p o s i t io n  o f  n u c l e a r  an d  c y to p la s m ic  r i b o ­
n u c l e i c  a c i d s  (RNA) from  v a r i o u s  c a l f  t i s s u e s .  R e s u l t s
e x p re s s e d  a s  m oles g u a n in e ,  
10 m oles  a d e n in e .
A den ine
N u c le a r  RNA
L iv e r  10
Thymus 10
K idney 10
H e a r t  10
C y to p la sm ic  RNA
L iv e r  10
Thymus 10
K idney 10
H e a r t  10
c y t o s i n e  and  thym ine p e r
G uanine C y to s in e  Thymine
1 0 .0 3 .9 4 .5
0000* 0 . 9 1 .7
9 .2 2 .5 5 .9
9 .2 1 .9 2 .9
1 8 .3 1 2 .2 1 1 .2
1 8 .8 1 4 .4 8 .9
1 7 .8 1 2 .5 9 .4
1 2 .0 7 .7 0 .3
fro m  M arshak (1 9 5 1 ) .
Some o f  th e  r e s u l t s  o b t a i n e d  f o r  t h e  c o m p o s i t io n  o f  
RNA and DNA from  v a r i o u s  s o u r c e s  a r e  shown i n  T a b le s  3 and 
4 r e s p e c t i v e l y .  In  g e n e r a l ,  i t  a p p e a r s  t h a t  th e  com posi­
t i o n  o f  RNA v a r i e s  from  one o rg a n  to  a n o th e r  w h i l e  t h e  com­
p o s i t i o n  o f  DNA i s  f a i r l y  c o n s t a n t  f o r  th e  d i f f e r e n t  t i s s u e s  
o f  any  one s p e c i e s  ( C h a rg a f f ,  1 9 5 0 ) .  So f a r  a s  a d e n i n e ,  
g u a n in e ,  c y t o s i n e  and  thym ine  a r e  c o n c e rn e d  t h e r e  i s  r e ­
m ark a b ly  l i t t l e  d i f f e r e n c e  in  c o m p o s i t io n  b e tw ee n  t h e  DNAs 
o f  d i f f e r e n t  a n im a l  s p e c i e s .  The c o n te n t  o f  5 -m e th y l -  
c y t o s i n e ,  on th e  o t h e r  h a n d ,  v a r i e s  m a rk e d ly  f ro m  one s p e c i e s  
t o  a n o th e r  (W y a tt ,  1 9 5 2 ) .  I t  h a s  b e e n  p o i n t e d  o u t  by  
Char g a f f  (1951) t h a t  t h e r e  i s  a  re m a rk a b le  c o n s ta n c y  in  th e  
r a t i o s  o f  a d e n in e  : thym ine  a n d  g u a n in e  : c y t o s i n e  among 
DNAs f ro m  d i f f e r e n t  s o u r c e s .  The f a c t  t h a t ,  i n  a n im a l  DNAs 
a t  l e a s t ,  b o th  r a t i o s  a p p ro x im a te  to  u n i t y  ( se e  T ab le  4) 
d o e s  s u g g e s t  t h a t  ENA m igh t p e rh a p s  be b u i l t  u p  from  
a d e n in e - th y m in e  and  g u a n in e - c y t o s i n e  d i n u c l e o t i d e s .  I t  
w ou ld , ho w ev er ,  be m ost unw ise  t o  p l a c e  to o  much e m p h a s is  on 
t h i s  p o i n t  u n t i l  more i n f o r m a t i o n  i s  a v a i l a b l e .  C h a r g a f f ,
Zam enhof, B rauerm an & K e r in  (1950) h a v e  a l s o  drawn a t t e n t i o n  
t o  t h e  f a c t  t h a t  th e  DNAs so f a r  i n v e s t i g a t e d  f a l l  i n t o  two 
t y p e s :  an  "AT” ty p e  i n  w h ic h  a d e n in e  and  thym ine p re d o m in a te
and w h ich  i n c l u d e s  a l l  a n im a l  l lA s  and some a l s o  o f  m i c r o b i a l  
o r i g i n ;  and  a ,fGCu ty p e  fo u n d  i n  some m ic ro -o rg a n is m s  in  
w hich  g u a n in e  and  c y t o s i n e  p r e d o m in a te .  These o b s e r v a t i o n s
have  b e e n  c o n f i rm e d  by S m ith  & W yatt (1951) and W yatt (1952) 
T h e ir  c h e m ic a l  and b i o l o g i c a l  s i g n i f i c a n c e  i s  a  m a t t e r  f o r  
s p e c u l a t i o n .
J u s t  a s  i n  c l a s s i c a l  o r g a n ic  c h e m is t r y  t h e  e m p i r i c a l  
fo rm u la  and minimum m o le c u la r  w e ig h t  o f  a compound may be 
c a l c u l a t e d  from  i t s  e le m e n ta ry  a n a l y s i s ,  so a l s o  th e  " n u c le o  
t i d e  f o r m u la ” and minimum m o le c u la r  w e i g h t  o f  a n u c l e i c  a c i d  
may be c a l c u l a t e d  from  i t s  n u c l e o t i d e  a n a l y s i s .  A number 
o f  su c h  " n u c l e o t i d e  f o r m u la e " ,  c a l c u l a t e d  by  W yatt (1952) 
f o r  W A s  f rom  v a r i o u s  s o u r c e s ,  a r e  shown in  T a b le  5 .  The 
v a l i d i t y  o f  su c h  c a l c u l a t i o n s  r e s t s ,  o f  c o u r s e ,  on th e  
a s s u m p t io n ,  w h ic h  u n t i l  q u i t e  r e c e n t l y  seems t o  h a v e  b e en  
t a c i t l y  a c c e p te d  by  m ost w o rk e rs  in  t h i s  f i e l d ,  t h a t  t h e  
INA (o r  RNA) i s o l a t e d  fro m  a  t i s s u e  c o n s i s t s  o f  a  s i n g l e  
m o le c u la r  s p e c i e s .  R e c e n t  w ork  h a s  s u g g e s te d  t h a t  t h i s  i s  
n o t ,  i n  f a c t ,  t h e  c a s e .  S te r n  & A t l a s  ( u n p u b l i s h e d  e x p e r i ­
m en ts  q u o ted  by S t e r n ,  1952) have  fo u n d  a l l  t h e  DMA p r e p a r ­
a t i o n s  w hich  t h e y  have  so f a r  exam ined  t o  be p o l y d i s p e r s e . 
B en d ich  (1952) h a s  p r e s e n t e d  e v id e n c e  t h a t  s e v e r a l  r a t  
t i s s u e s  c o n t a i n  a t  l e a s t  two BNAs w i t h  d i f f e r e n t  m e ta b o l i c  
a c t i v i t i e s .  B a r to n  (1952) h a s  shown t h a t  i s o l a t e d  c e l l  
n u c l e i  c o n t a i n  two RJA f r a c t i o n s ,  one o f  w h ich  i s  r e s i s t a n t  
to  th e  a c t i o n  o f  th e  enzyme d e o x y r ib o n u c le a s e .  The u n i ­
f o r m i t y  i n  n u c l e o t i d e  c o m p o s i t io n  o f  th e  MAs i s o l a t e d  from  
d i f f e r e n t  t i s s u e s  o f  t h e  same s p e c i e s ,  w hich  was r e f e r r e d  to
a b o v e ,  seems to  s u g g e s t  t h a t  th e  h e t e r o g e n e i t y  d i s c l o s e d  by 
t h e s e  o b s e r v a t i o n s  i s  d u e ,  n o t  t o  th e  o c c u r r e n c e  o f  d i f f e r ­
e n t  DNAs in  th e  d i f f e r e n t  ty p e s  o f  c e l l  w i t h i n  a  s i n g l e  
t i s s u e ,  b u t  r a t h e r  to  th e  o c c u r r e n c e  o f  two o r  more d i s t i n c t  
t y p e s  o f  IMA w i t h i n  e a c h  i n d i v i d u a l  c e l l .  A l t e r n a t i v e l y ,  
i t  m ig h t  be  p o s t u l a t e d  t h a t  a l l  t h e  m o le c u le s  o f  OTA i n  an  
o rg a n ism  have  th e  same s t r u c t u r e ,  w h ich  i s  p re su m a b ly  s p e c i f i c  
f o r  t h e  s p e c i e s ,  b u t  t h a t  d u r in g  i s o l a t i o n  o r  u n d e r  t r e a t m e n t  
w i th  d e o x y r ib o n u c le a s e  t h e s e  g i a n t  m o le c u le s  b r e a k  down t o  
g iv e  f r a g m e n ts  o f  v a r y in g  e h e m ic a l  and p h y s i c a l  p r o p e r t i e s .
In  t h i s  c o n n e c t io n  i t  i s  o f  i n t e r e s t  to  r e c a l l  t h a t  Zamenhof 
& C h a r g a f f  (1949) have  d e m o n s t r a te d  t h a t  i s o l a t e d  DNA c o n ­
t a i n s  a  " c o r e 11 w h ic h  d i f f e r s  f ro m  t  he r e s t  o f  th e  m o le c u le  
i n  i t s  c h e m ic a l  c o m p o s i t io n  and  i t s  r e s i s t a n c e  t o  d e o x y ­
r i b o n u c l e a s e  .
The h e t e r o g e n e i t y  o f  RNA i s  much b e t t e r  u n d e r s t o o d .
I t  h a s  a l r e a d y  b een  p o i n t e d  o u t  t h a t  t h e  c o m p o s i t io n  o f  ENA 
v a r i e s  from  one t i s s u e  to  a n o t h e r  ( C h a r g a f f ,  1 9 5 0 ) .  P r o ­
b a b l y ,  t h e r e f o r e ,  i t  a l s o  v a r i e s  f ro m  one c e l l  ty p e  t o  
a n o th e r  w i t h i n  t h e  same t i s s u e .  T here  i s  e v id e n c e  a l s o  f o r  
t h e  e x i s t e n c e  o f  a t  l e a s t  two ty p e s  o f  OTA w i t h i n  th e  same 
c e l l .  Thus s e v e r a l  w o rk e rs  have  shown t h a t  i n  a  v a r i e t y  o f  
t i s s u e s  th e  OTA o f  th e  i s o l a t e d  n u c l e i  h a s  a  d i f f e r e n t  
c o m p o s i t io n  from  t h a t  o f  t h e  c y to p la s m  (C h a r g a f f ,  1950; 
M arshak , 1 9 5 1 ) .  M a rsh a k ’s (1951) r e s u l t s  a r e  o f  p a r t i c u l a r
15.
I n t e r e s t  s i n c e  t h e y  i n d i c a t e  t h a t  t h e r e  a r e  d i f f e r e n c e s  i n  
c o m p o s i t io n  in  th e  n u c l e a r  as  w e l l  a s  th e  c y to p l a s m i c  RhAs 
o f  d i f f e r e n t  t i s s u e s  o f  th e  same s p e c i e s  ( s e e  T a b le  6 ) .
Me Indoe  & D avidson  (1952) h a v e  r e p o r t e d  s i m i l a r  d i f f e r e n c e s  
i n  th e  c o m p o s i t io n  o f  n u c l e a r  M A,
These p u r e l y  c h e m ic a l  s t u d i e s  h av e  o b v i o u s l y  a  m ost  
im p o r ta n t  b e a r i n g  on  t h e  q u e s t i o n  o f  t h e  b i o l o g i c a l  s i g n i ­
f i c a n c e  o f  DNA and RHA. I f  th e  n u c l e i c  a c i d  m o le c u le  was 
s im p ly  a  t e t r a n u c l e o t i d e  o r  a p o l y t e t r a n u c l e o t i d e  a n d  i f  a l l  
RNAs and  a l l  JMAs w ere  i d e n t i c a l  i t  would be n e c e s s a r y  t o  
assume t h a t  t h e  n u c l e i c  a c i d s  p e r fo rm e d  some s im p le  f u n c t i o n * 
o r  f u n c t i o n s ,  c o m p a rab le  p e r h a p s  t o  t h o s e  o f  t h e  p o l y ­
s a c c h a r i d e s .  I f ,  on th e  o t h e r  h a n d ,  t h e  c o n s t i t u e n t  n u c l e o ­
t i d e s  o f  t h e  m o le c u le  a r e  n o t  a r r a n g e d  in  a  r e g u l a r  seq u en ce  
o f  s im p le  r e p e a t i n g  u n i t s  t h e  p o s s i b i l i t i e s  o f  i so m e r ism  
a r e  en o rm o us ly  i n c r e a s e d  and i t  becomes p o s s i b l e  t o  t h i n k  
o f  n u c l e i c  a c i d s  a s  b e in g  p o s s e s s e d  o f  t h e  same d e g re e  o f  
s p e c i f i c i t y  a s  p r o t e i n s  (G u l la n d ,  1 9 4 7 a ,  b )  and  p e rh a p s  
f u l f i l l i n g  f u n c t i o n s  e q u a l l y  v a r i e d  and  s p e c i a l i s e d .  I t  
m ig h t  r e a s o n a b l y  be e x p e c te d  t h a t  X -ra y  s t u d i e s  would throw  
some l i g h t  on t h i s  c r u c i a l  q u e s t i o n  o f  Ifr e g u l a r i t y u w i t h in  
t h e  m o le c u le .  A s tb u ry  (A s tb u ry  5c B e l l ,  1938; A s tb u r y ,
1947) h a s  In d eed  c o n c lu d e d  fro m  s t u d i e s  o f  t h i s  s o r t  t h a t  
t h e r e  a re  w e l l -m a rk e d  p e r i o d i c i t i e s  in  th e  DNA m o le c u le  and
more r e c e n t l y  R i l e y  5c O s te r  (1951) have draw n s i m i l a r  c o n ­
c l u s i o n s .  I t  a p p e a r s ,  h o w e v e r ,  t h a t  th e  X - ra y  m ethods
16 .
a v a i l a b l e  a r e  n o t  c a p a b le  o f  d i s t i n g u i s h i n g  b e tw e e n  n u c l e o ­
t i d e s  c o n t a i n i n g  d i f f e r e n t  b a s e s  and  th e  r e s u l t s  o b t a i n e d  
by  t h e i r  u s e  need  n o t ,  t h e r e f o r e ,  be t a k e n  a s  i n d i c a t i n g  
t h a t  m k  i s  b u i l t  up  from  a s m a l l  o l i g o n u c l e o t i d e  r e p e a t i n g  
u n i t .
1 .5  ih e  l o c a l i z a t i o n  o f  t h e  n u c l e i c  a c i d s ._
Up t o  a b o u t  1930 r e s e a r c h  on n u c l e i c  a c i d s  was d i r e c t e d  
a lm o s t  e n t i r e l y  t o  th e  e l u c i d a t i o n  o f  t h e i r  d e t a i l e d  s t r u c t u r e .  
T h e i r  f u n c t i o n  and t h e i r  b i o l o g i c a l  p r o p e r t i e s  (a s  d i s t i n c t  
fro m  t h e i r  c a t a b o l i s m )  were v i r t u a l l y  i g n o r e d .  N e v e r t h e l e s s ,  
t h e  e a r l y  w o rk e rs  d i d  a t  l e a s t  d i s c o v e r  t h a t  t h e  m a t e r i a l s  
w h ich  th e y  s t u d i e d  c o u ld  be i s o l a t e d  from  many d i f f e r e n t  
s o u r c e s .  Levene & B ass  ( 1 9 3 1 ) ,  f o r  exam p le , l i s t e d  i n  t h e i r  
monograph 19 t i s s u e s  f ro m  w h ich  DNA c o u ld  be  o b t a i n e d .  S in c e  
a lm o s t  a l l  the  n u c l e i c  a c i d s  i s o l a t e d  fro m  a n im a l  t i s s u e s  
were o f  th e  DNA. ty p e  and t h e  o n ly  two p l a n t  n u c l e i c  a c i d s  
e x t e n s i v e l y  s t u d i e d  ( th o s e  o b t a i n e d  from  y e a s t  and from  w heat 
germ) w ere o f  t h e  RNA ty p e  i t  was c o n c lu d e d ,  i n  th e  w ords 
o f  Jo n e s  (1 9 2 0 ^ , " t h a t  t h e r e  a r e  b u t  two n u c l e i c  a c i d s  in  
n a t u r e ,  one o b t a i n a b l e  f rom  th e  n u c l e i  o f  a n im a l  c e l l s ,  and 
th e  o t h e r  f rom  th e  n u c l e i  o f  p l a n t  c e l l s . "  I t  d o e s  n o t  
seem t o  h av e  b e en  g e n e r a l l y  r e a l i s e d  t h a t  t h e  o n ly  r e a s o n  f o r  
assum ing  t h a t  th e  n u c l e i c  a c i d s  w ere  c o n f in e d  t o  th e  n u c le u s  
was t h a t  M ie s c h e r ’ s e a r l y  e x p e r im e n ts  had  been c a r r i e d  o u t  on 
i s o l a t e d  pus c e l l  n u c l e i  and  sperm  h e a d s .
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There w as , even  i n  1920 , some evidence* t h a t  t h e  
s i t u a t i o n  m ig h t  n o t  b e  q u i t e  so s im p le  a s  J o n e s  t h o u g h t .
In  1894 Hammarsten h ad  i s o l a t e d  f ro m  p a n c r e a s  a  n u c l e o p r o -  
t e i n  w h ic h  he  showed to  c o n t a i n  g u a n in e  and  a  p e n t o s e .
S i m i l a r  m a t e r i a l s  w ere  s u b s e q u e n t ly  o b t a i n e d  fro m  s p l e e n  by 
J o n e s  & Row ntree (1908) and from  l i v e r  by  Levene 8c Mandel 
(1 9 0 8 ) .  S in c e ,  ho w ev er ,  t h e s e  s o - c a l l e d  JB  - n u c l e o p r o t e i n s  
were n o t  shown to  c o n t a i n  more th a n  one o f  th e  f o u r  n i t r o ­
genous b a s e s  t h e y  w ere n o t  r e g a r d e d  a s  c o n t a i n i n g  t r u e  
n u c l e i c  a c i d s .  The f i r s t  r e a l  d e m o n s t r a t i o n  o f  t h e  o c c u r r e n c e  
o f  RRA in  a n im a l  t i s s u e s  was due t o  Jo n e s  & P e r k in s  (1924 -  
25) who showed t h a t  t h e  h y d r o l y s i s  p r o d u c t s  o f  p a n c r e a s  
J 3  - n u c l e o p r o t e i n  i n c l u d e d  a d e n y l i c ,  g u a n y l i c  and  c y t i d y l i c  
a c i d s  ( se e  a l s o  J o r p e s ,  1 9 2 8 ) .  S u b se q u e n t  w ork  h a s  shown 
t h a t  RNA i s  u n i v e r s a l l y  d i s t r i b u t e d  among a n im a l  a s  w e l l  a s  
p l a n t  c e l l s  (D av id so n , 1947a , b ,  1 9 5 0 ) .
The o c c u r r e n c e  o f  DNA in  p l a n t  t i s s u e s  was d e m o n s t r a te d  
by v e ry  d i f f e r e n t  m e th o d s .  F o r  many y e a r s  th e  f a c t  t h a t  
S c h i f f 1 s r e a g e n t  ( f u c h s i n  d e c o l o u r i s e d  w i t h  s u lp h u r o u s  a c i d )  
g i v e s  a  r e d  c o lo u r  w i t h  a ld e h y d e s  h a s  b e en  known to  o r g a n ic  
c h e m is t s .  In  1914 F e u lg e n  fo u n d  t h a t  a f t e r  m i ld  h y d r o l y s i s  
w i t h  N h y d r o c h l o r i c  a c i d  INA, b u t  n o t  RNA, a l s o  gave a  r e d  
c o lo u r  w i th  f u c h s i n - s u l p h u r o u s  a c i d .  By a p p ly in g  t h i s  t e s t  
t o  h i s t o l o g i c a l  spec im ens  F e u lg e n  & R o ssenbeck  (1924) were 
a b le  t o  d e m o n s t r a te  t h e  p re s e n c e  o f  DNA i n  t h e  n u c l e i  o f
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w heat embryo c e l l s .  By I t s e l f ,  t h i s  o b s e r v a t i o n  co u ld  h a r d ­
l y  be r e g a r d e d  a s  c o n c l u s i v e  b u t  t h i r t e e n  y e a r s  l a t e r  F e u lg e n ,  
B ehrens  & M ahd ihassan  (1937) s e p a r a t e d  d r y ,  v e r y  f i n e l y  
p u l v e r i s e d  r y e  embryo c e l l s  i n t o  n u c l e a r  and  c y to p la s m ic  
f r a c t i o n s  by th e  m ethod o f  B eh ren s  (1932) and i s o l a t e d  from  
th e  n u c l e a r  f r a c t i o n  a  n u c l e i c  a c id  o f  th e  DNA t y p e .  In  
t h e  f o l l o w i n g  y e a r  B ehrens  (1938) a g a in  s e p a r a t e d  ry e  embryo 
c e l l s  i n t o  n u c l e a r  an d  c y to p la s m ic  f r a c t i o n s  and on  t h i s  
o c c a s io n  i s o l a t e d  a n u c l e i c  a c i d  o f  t h e  RNA ty p e  fro m  th e  
c y to p la s m ic  f r a c t i o n .  These e x p e r im e n ts  s u g g e s te d  t h a t  th e  
r e a l  d i s t i n c t i o n  b e tw een  DNA and RNA was t h a t  th e  fo rm e r  was 
c o n f in e d  t o  th e  n u c l e u s  w h i le  t h e  l a t t e r  was p r e s e n t  i n  th e  
c y to p la s m . The t r u t h  o f  t h i s  h y p o t h e s i s  h a s  b een  r e p e a t e d l y  
c o n f irm e d  by c y to c h e m ic a l  m ethods (C a s p e r s s o n ,  19 3 6 , 1939a , 
b ;  C a sp e rs so n  & S c h u l t z ,  19 3 8 , 1939 , 1940 ; C a s p e r s s o n ,  
Nystrom  & S a n te s s o n ,  1 9 41 ; B r a c h e t ,  1 9 4 0 a ,  b ,  1942) a n d ,  
more r e c e n t l y ,  by e x p e r im e n ts  i n  v h ic h  t i s s u e s  h av e  been  
s e p a r a t e d  i n t o  n u c l e a r  and  c y to p la s m ic  f r a c t i o n s  ( S c h n e id e r ,  
1946a , b ,  1948; Hogeboom, S c h n e id e r  & P a l l a d e ,  1948; 
S c h n e id e r  & Hogeboom, 1950 ; Le Page & S c h n e id e r ,  1948; 
S c h n e id e r  & P o t t e r ,  1949; S c h n e id e r ,  Hogeboom & R o ss ,  1950 ; 
P r i c e ,  M i l l e r  & M i l l e r ,  1948 ; P r i c e ,  M i l l e r ,  M i l l e r  &
Weber, 1950 ; P e te rm an n , A l f i n - S l a t e r  Sc L a ra e k ,  1 9 4 9 ) .  The 
p re s e n c e  o f  UTA o u t s i d e  t h e  n u c le u s  has b e e n  r e p o r t e d  i n  
o n ly  a s m a l l  number o f  s p e c i a l  c a s e s  : i n  c e r t a i n  p l a n t  c e l l s
(Sparrow  & Hammond, 1 9 4 7 ) ;  i n  Param ecium  known t o  c o n t a i n  
t h e  c y to p la s m ic  k i l l e r  f a c t o r  ”k a p p a ” ( P r e e r ,  1 9 4 8 ) ;  and 
i n  egg  w h i te  ( F r a e n k e l -C o n r a t  & Ducay, 1 9 5 1 ) .
Q u i te  a p a r t  f rom  t h e  t h e o r e t i c a l  s i g n i f i c a n c e  o f  t h e  
r e s u l t s  w h ich  t h e y  o b t a i n e d  th e  work o f  F e u lg e n  and B eh ren s  
i s  o f  i n t e r e s t  i n  t h a t  i t  i l l u s t r a t e s  t h e  two m ain  a p p ro a c h e s  
by  w h ich  t h e  b io c h e m i s t r y  o f  t h e  c e l l  n u c le u s  may be i n ­
v e s t i g a t e d ,  n a m e ly ,
( i )  t h e  i d e n t i f i c a t i o n  and l o c a l i z a t i o n  o f  a  
p a r t i c u l a r  c h e m ic a l  compound i n  a  h i s t o l o g i c a l  
t i s s u e  s e c t i o n ,  and
( i i )  t h e  i s o l a t i o n  o f  n u c l e i  f ro m  a t i s s u e  i n  su c h  
l a r g e  num bers a s  t o  a l lo w  o f  t h e i r  b e in g  s u b m i t te d  
t o  g r o s s  c h e m ic a l  a n a l y s i s .
B o th  o f  t h e s e  m ethods r e q u i r e  d i s c u s s i o n  i n  some d e t a i l .
The i s o l a t i o n  o f  n u c l e i  w i l l  be c o n s id e r e d  f i r s t .
1 .4  The i s o l a t i o n  o f  c e l l  n u c l e i .
I t  h a s  a l r e a d y  b e en  s a i d  t h a t  M ie sc h e r  o r i g i n a l l y  
d i s c o v e r e d  n u c l e o p r o t e i n s  i n  n u c l e i  w h ich  h e  i s o l a t e d  from  
pus c e l l s  by t h e  a c t i o n  o f  a r t i f i c i a l  g a s t r i c  j u i c e .  T h is  
a p p e a r s  t o  h a v e  been th e  f i r s t  o c c a s io n  on -which n u c l e i  
were i s o l a t e d  f o r  th e  p u rp o s e s  o f  r e s e a r c h  a l t h o u g h ,  a c c o r d ­
in g  t o  V e n d re ly  (1952), a  m ethod  f o r  i s o l a t i n g  n u c l e i  f ro m  
tumour t i s s u e  u s i n g  a c e t i c  a c i d  was d e s c r i b e d  i n  a  t e x t ­
book  o f  m ic ro sc o p y  as  e a r l y  a s  1856 (S m ith ,  1 8 5 6 ) .
M ie s c h e r 1s p r a c t i c e  o f  t r e a t i n g  sp e rm a to z o a  w i t h  d i l u t e  
a c e t i c  a c i d  i n  o r d e r  t o  i s o l a t e  t h e i r  h e a d s  m ig h t  p e rh a p s  
he  r e g a r d e d ,  i n  a  s e n s e ,  a s  an  i s o l a t i o n  o f  sperm  n u c l e i  
(M ie s c h e r ,  1 8 9 7 ) .  The s c a n t y  c y to p la s m  o f  th e  sp e rm a to zo o n  
makes i t ,  i n  some r e s p e c t s ,  p a r t i c u l a r l y  s u i t a b l e  f o r  
n u c l e a r  i n v e s t i g a t i o n s  a n d ,  among th e  e a r l i e r  w o rk e r s ,  
Mathews (1 8 9 7 ) ,  S t e u d e l  (1913) and Lynch (1920) a l l  pub­
l i s h e d  a n a l y s e s  o f  whole sperm  o r  sperm  h e a d s .  More r e ­
c e n t l y  Z i t t l e  and  h i s  a s s o c i a t e s  h av e  d i s i n t e g r a t e d  b u l l  
sp e rm a to z o a  i n t o  h e a d s ,  m id p ie c e s  and t a i l s  by u s i n g  a  
m a g n e t o s t r i c t i o n  s o n ic  o s c i l l a t o r ,  a m ethod o r i g i n a l l y  u se d  
by Chambers & F l o s d o r f  (1937) t o  d i s r u p t  b a c t e r i a  and s u b ­
s e q u e n t l y  a p p l i e d  to  s p e rm a to z o a  by  H e n le ,  H enle & Chambers 
(1 9 3 8 ) .  The sperm  h e a d s  w ere  th e n  i s o l a t e d  by  d i f f e r e n t i a l  
c e n t r i f u g a t i o n .  Z i t t l e  h a s  a n a ly s e d  t h e  m a t e r i a l  o b t a in e d  
in  t h i s  way ( Z i t t l e  Sc O’ D e l l ,  1941) and i n v e s t i g a t e d  i t s  
c o n t e n t  o f  cy tochrom e o x id a s e  ( Z i t t l e  Sc Z i t i n ,  1942a) and 
o f  i r o n  ( Z i t t l e  oc Z i t i n ,  1 9 4 2 b ) .  A c e r t a i n  amount o f  
work on  th e  n a t u r e  o f  t h e  p r o t e i n s  o f  th e  n u c le u s  h a s  a l s o  
be en  c a r r i e d  o u t  on  sperm  (Stedman Sc Stedm an, 1 9 4 3 a ,b ;  -1947a 
1951 ; P o l l i s t e r  Sc M ir s k y ,  1946 ; D a ly ,  Mir sky  Sc R i s ,  1 9 5 1 ) .
The o t h e r  im p o r ta n t  s o u r c e  o f  n u c l e a r  m a t e r i a l  u s e d  
by th e  e a r l i e r  w o rk e rs  was t h e  n u c l e a t e d  a v ia n  e r y t h r o c y t e .
A wide v a r i e t y  o f  m ethods hav e  b e en  u s e d  t o  d i s r u p t  th e  
e r y t h r o c y t e  membrane. Ackermann (1904) p ro d u ce d  l y s i s  by
21 .
t h e  a c t i o n  o f  d i s t i l l e d  w a te r .  Warburg (1910) a c h ie v e d  
t h e  same r e s u l t  by q u ic k  f r e e z i n g ,  f o l lo w e d  by th a w in g  to  
30°C . T h is  m ethod  seems a l s o  to  h av e  b e e n  u s e d  by Miyake 
(1 9 3 3 ) .  L a t e r  w o rk e rs  h a v e ,  h o w e v e r ,  g e n e r a l l y  p r e f e r r e d  
to  u s e  a  d e t e r g e n t ,  e . g . ,  s a p o n in  ( Y a k u s iz i ,  1936 ; Dounce 
& L an, 19 43 ; Stedman & Stedm an, 1 9 5 1 ) ,  l y s o l e c i t h i n  
(L asko w sk i,  1942 , 1 9 4 3 ) ,  t y r o t h r i c i n  ( V i l l e l a ,  1 9 4 7 ) ,  o r  
c e t a v l o n  (Stedm an & Stedm an, 1 9 5 1 ) .  When l a k i n g  i s  com­
p l e t e  th e  f r e e  n u c l e i  may be c e n t r i f u g e d  down and washed 
f r e e  o f  c y to p la s m ic  c o n ta m in a t io n .
S perm atozoa  and n u c l e a t e d  e r y t h r o c y t e s  a r e  u n f o r t u n a t e ­
l y  to o  h i g h l y  s p e c i a l i s e d  i n  t h e i r  r e s p e c t i v e  f u n c t i o n s  t o  
a l lo w  r e s u l t s  o b t a i n e d  f ro m  them t o  be u s e d  a s  t h e  b a s i s  
o f  any g e n e r a l  t h e o r y  o f  t h e  f u n c t i o n  o f  t h e  n u c l e u s ,  and 
f o r  many y e a r s  n u c l e a r  r e s e a r c h  was g r a v e l y  im peded by th e  
l a c k  o f  a  s a t i s f a c t o r y  m ethod  f o r  t h e  i s o l a t i o n  o f  n u c l e i  
from  com pact t i s s u e s .  The f i r s t  s u c h  method to  be d e v i s e d  
was t h a t  o f  B ehrens  (1 9 3 2 ) .  E s s e n t i a l l y  i t  c o n s i s t s  o f  
f r e e z i n g  th e  t i s s u e  h a r d  im m e d ia te ly  a f t e r  rem o v a l  f ro m  
t h e  a n im a l ,  d e h y d r a t i n g  i t  w h i l e  s t i l l  i n  th e  f r o z e n  s t a t e ,  
and l i b e r a t i n g  th e  n u c l e i  b y  g r i n d i n g  th e  d r i e d  t i s s u e  v e r y  
f i n e l y .  The n u c l e i  a r e  t h e n  s e p a r a t e d  from  th e  c y to p la sm  
by c e n t r i f p g i n g  t h e  r e s u l t a n t  powder i n  a m ix tu re  o f benzene  
and ca rb o n  t e t r a c h l o r i d e ,  t h e  s p e c i f i c  g r a v i t y  o f  w hich  h a s  
been so a d j u s t e d  t h a t  w h i le  t h e  n u c l e i  sed im e n t  th e  c y to ­
p la s m ic  m a t e r i a l ,  w h ich  i s  s l i g h t l y  l e s s  d e n s e ,  f l o a t s  u p ­
w ards and fo rm s a c r u s t  on t h e  s u r f a c e  o f  t h e  su s p e n d in g  
medium. T h is  m ethod i s  c a p a b le  o f  v e ry  g e n e r a l  a p p l i c a ­
t i o n ;  B eh ren s  h i m s e l f  u s e d  i t  t o  i s o l a t e  n u c l e i  from  h e a r t  
m usc le  (B e h re n s ,  1 9 3 2 ) ,  h a e m o s id e r in  g r a n u l e s  f rom  s p l e e n  
(B e h re n s ,  1 9 3 3 ) ,  c o l l o i d  from  t h y r o i d  g la n d  (B e h re n s ,  1935) 
n u c l e i  from  ry e  germ (F e u lg e n ,  B eh rens  & M a h d ih assan ,  1937) 
c y to p la s m  from  ry e  germ  (B e h re n s ,  1938) and  n u c l e i  from  
l i v e r  (B e h re n s ,  1 9 3 9 ) .  I t  a l s o  h a s  t h e  a d v a n ta g e s  t h a t  
th e  t i s s u e  u n d e rg o e s  a  v i r t u a l  f i x a t i o n  d u r i n g  th e  i n i t i a l  
f r e e z e - d r y i n g  and  t h a t ,  s i n c e  t h e  s u s p e n d in g  m edia  u s e d  
a r e  im m is c ib le  w i th  w a te r ,  t h e r e  i s  no d a n g e r  o f  w a t e r -  
s o l u b l e  c o n s t i t u e n t s  b e in g  d i s s o l v e d  o u t  o f  t h e  n u c l e i  d u r ­
in g  th e  i s o l a t i o n  p r o c e s s .  L ip i d  m a t e r i a l ,  on th e  o t h e r  
h a n d , w i l l  be l o s t  b u t  s in c e  c o m p a r a t iv e ly  few compounds of 
b i o l o g i c a l  i n t e r e s t  f a l l  w i t h in  t h i s  c l a s s  ( i n  c o m p a r is o n ,  
t h a t  i s ,  w i th  t h e  num erous c l a s s  o f  b i o l o g i c a l l y  im p o r ta n t  
w a t e r - s o l u b l e  compounds) and s in c e  t h e s e  may be r e a d i l y  
s t u d i e d  in  n u c l e i  i s o l a t e d  by o t h e r  m e th o d s ,  t h i s  i s  n o t  
p e rh a p s  a v e ry  g r a v e  d e f e c t ,  A more s e r i o u s  draw back i s  
t h a t  th e  e n t i r e  p ro c e d u re  i s  e x c e e d in g ly  l a b o r i o u s  and t im e  
consum ing. (The t im e  r e q u i r e d  to  i s o l a t e  n u c l e i  from  a 
s i n g l e  t i s s u e  may be m easu red  i n  d ays  and  even  weeks r a t h e r  
th a n  h o u r s . ) The m ethod i s  t h e r e f o r e  u n s u i t a b l e  f o r  r o u t ­
in e  u s e  and i s  in d ee d  se ldom  em ployed a t  a l l  e x c e p t  w here
th e  u s u a l  t e c h n iq u e s  o f  i s o l a t i o n  in  aq ueous m ed ia  a r e  i n ­
a p p l i c a b l e .  I t  h a s  b een  u s e d  w i t h i n  r e c e n t  y e a r s  i n  an  
i n v e s t i g a t i o n  o f  th e  p r o t e i n s ,  enzymes and  f r e e  a m in o - a c id s  
o f  t h e  n u c le u s  by  Bounce, T i s h k o f f ,  B a r n e t t  & F r e e r  (1 9 5 0 ) .  
A l l f r e y ,  S t e r n ,  M irsky  & S a e t r e n  (1952) i n  t h e i r  s t u d i e s  on 
n u c l e a r  enzymes have em ployed a m o d i f i c a t i o n  o f  the  m ethod  
in  w h ich  c y c lo h e x a n e  i s  u s e d  i n  p l a c e  o f  b e n z e n e .  They 
c la im  t h a t  in  t h i s  way i n a c t i v a t i o n  o f  enzymes d u r i n g  th e  
i s o l a t i o n  p r o c e s s  may be r e d u c e d .  I t  s h o u ld  a l s o  be 
p o i n t e d  o u t  t h a t  th e  p r o c e s s  o f  g r in d in g  th e  d r i e d  t i s s u e  
i n e v i t a b l y  damages some o f  t h e  n u c l e i  (see  p h o to g ra p h s  o f  
Ebunce e t  a l . ,  1950 and  A l l f r e y  e t  a l . ,  1 9 5 2 ) .  The p r o d u c t ,  
t h e r e f o r e ,  may be r e g a r d e d  a s  c o n s i s t i n g  o f  n u c l e a r  m a t e r i a l  
r a t h e r  t h a n  i n t a c t  i s o l a t e d  n u c l e i .
I t  h a s  a l r e a d y  been  rem ark ed  t h a t  in  1856 Sm ith  
d e s c r i b e d  a  method f o r  t h e  i s o l a t i o n  o f  c e l l  n u c l e i  u s i n g  
a c e t i c  a c i d .  S m i th ’ s work seem s, h o w ev er ,  t o  h av e  a t t r a c t e d  
l i t t l e  a t t e n t i o n  and h i s  m ethod re m a in e d  v i r t u a l l y  unknown 
f o r  n e a r l y  a  c e n t u r y .  The c r e d i t  f o r  r e - d i s c o v e r i n g  th e  
f a c t  t h a t  n u c l e i  c a n  be  o b t a i n e d  f ro m  a com pact t i s s u e  by 
t r e a tm e n t  w i th  a  d i l u t e  aqueous s o l u t i o n  o f  an  o r g a n ic  a c id  
m ust be a c c o rd e d  to  Crossmon (1937) who r e p o r t e d  t h a t  by 
im m ersing  a  s m a l l  p i e c e  o f  m u sc le  i n  a  d rop  o f  5% c i t r i c  
a c i d  on a  m ic ro sc o p e  s l i d e  some o f  th e  n u c l e i  c o u ld  be 
l i b e r a t e d  from  th e  t i s s u e .  The m usc le  f r a g m e n t  m ig h t  th e n
be removed w i th  f o r c e p s  and t h e  i s o l a t e d  n u c l e i  s t a i n e d  i n  
th e  u s u a l  way. Two y e a r s  l a t e r  S to n e b u rg  (1939) u s e d  
c i t r i c  a c i d  to  i s o l a t e  n u c l e i  in  b u l k  f ro m  m u sc le  and 
tum our t i s s u e .  S to n e b u rg ’ s method i s  o f  some acad em ic  
i n t e r e s t  i n  t h a t  h e  r e v i v e d  M ie s c h e r ’ s p r a c t i c e  o f  u s i n g  
p e p s in  and h y d r o c h l o r i c  a c i d  t o  d i g e s t  away u nw an ted  c y t o ­
p lasm . In  1941 M arshak d e s c r i b e d  a m ethod f o r  th e  i s o ­
l a t i o n  o f  n u c l e i  i n  b u lk  f rom  l i v e r  (a  much e a s i e r  p r o c e s s  
th a n  i s o l a t i o n  fro m  m u sc le )  a g a in  u s i n g  c i t r i c  a c i d  b u t  
w i th o u t  t h e  a i d  o f  p e p s in  o r  h y d r o c h l o r i c  a c i d .  T h is  
m ethod , w h ic h ,  i n  i t s  v a r i o u s  m o d i f i c a t i o n s ,  i s  p r o b a b ly  
th e  m ost p o p u l a r ,  and  c e r t a i n l y  t h e  e a s i e s t , i s o l a t i o n  
t e c h n iq u e ,  c o n s i s t s  e s s e n t i a l l y  o f  two o p e r a t i o n s .
( i )  The t i s s u e  i s  m inced  and  e i t h e r  hom ogen ized  o r  
v ig o r o u s l y  s t i r r e d  i n  d i l u t e  c i t r i c  a c i d  (5/o c i t r i c  
a c i d  i n  M arshak’ s o r i g i n a l  m e th o d ) ,  w hich  a p p e a r s  to  
h av e  th e  e f f e c t  o f  d i s s o l v i n g  some o f  t h e  c y to p la sm  
w h i le  r e n d e r i n g  t h e  n u c l e i  more r e s i s t a n t  t o  m e c h a n i­
c a l  damage. M irsky  & H is (1946) have  o b se rv e d  t h a t  
n u c l e i  I s o l a t e d  i n  c i t r i c  a c i d  w i th s t a n d  p ro lo n g e d  
r u n s  i n  t h e  W aring b l e n d o r  w h i l e  u n t r e a t e d  n u c l e i  a r e  
d i s r u p t e d  w i t h i n  4 - 1 5  m in u te s .
( i i )  The hom ogenate i s  f i l t e r e d  t o  remove f r a g m e n ts  
o f  t i s s u e  i /h ic h  have  e s c a p e d  d i s i n t e g r a t i o n  i n  th e
h o m o g en ize r  and  i s  t h e n  c e n tx ' i f u g e d  so  t h a t  m o s t  o f  
t h e  n u c l e i ,  t o g e t h e r  w i t h  some c y to p la s m ic  m a t e r i a l ,  
a r e  spun down. The n u c l e i  may be f r e e d  o f  c y t o ­
p la s m ic  c o n ta m in a t io n  by  r e p e a t e d l y  r e s u s p e n d in g  i n  
d i l u t e  c i t r i c  and c e n t r i f u g i n g  down.
A num ber o f  m o d i f i c a t i o n s  o f  t h i s  m ethod h av e  b e en  d e v i s e d  
p a r t i c u l a r l y  i n  r e s p e c t  o f  t h e  t e c h n iq u e  o f  h o m o g e n iz a t io n  
and th e  p r e c i s e  c o m p o s i t io n  o f  t h e  d i l u t e  o r g a n ic  a c i d  u s e d  
a s  i s o l a t i n g  medium (Haven & L ev y , 1942; Mir sky  8c P o l l i s t e r ,  
1946; V e n d re ly  8c V e n d re ly ,  1948; Bam um , H a sh ,  J e n n i n g s ,  
N ygaard  8c Vermund, 1950; Stedman & Stedm an, 1 9 5 0 ) .
The c i t r i c  a c i d  method i s  v e ry  much l e s s  l a b o r i o u s  and  
t im e -c o n su m in g  t h a n  t h a t  d e v i s e d  by B e h re n s .  U n f o r t u n a t e l y  
t h e  u s e  o f  an  aqueous i s o l a t i o n  medium i n t r o d u c e s  t h e  p o s s i ­
b i l i t y  t h a t  w a t e r - s o l u b l e  m a t e r i a l ,  i n c l u d i n g  p r o t e i n s ,  may 
be l o s t  from  t h e  n u c l e i  d u r i n g  i s o l a t i o n  and t h e  low pH 
employed m ust be e x p e c te d  t o  d e n a tu r e  a t  l e a s t  some o f  th o s e  
p r o t e i n s  w hich  re m a in .  A s o l u t i o n  t o  t h e  l a t t e r  p ro b lem  
h as  b een  found  by Bounce (1943a , 1950 , 1952d) who h a s  d e ­
v i s e d  a  m ethod o f  i s o l a t i o n  i n  w h ic h  c i t r i c  a c id  i s  u s e d  
o n ly  t o  lo w e r  th e  pH t o  5 .8  -  6 . 0 .  N u c le i  i s o l a t e d  by t h i s
t e c h n iq u e  have  b e e n  s u c c e s s f u l l y  u s e d  by Bounce and  h i s  
a s s o c i a t e s  i n  t h e i r  s t u d i e s  on n u c l e a r  enzymes (Lan, 1943 , 
1944; B ounce, 1943a , b ,  1950a , b ;  Bounce 8c B e y e r ,  1 9 4 8 ) .
A number o f  o t h e r  aq u eo u s  i s o l a t i o n  m ed ia  have a l s o  
been  em ployed , A rn e se n ,  G-oldsmith cc D ulaney (1949) u s e  
0.25M s u c ro s e  d i s s o l v e d  in  0.008M c i t r i c  a c i d  f o r  t h e  i s o ­
l a t i o n  o f  n u c l e i  f ro m  mouse s p l e e n .  F o r  the  same p u rp o s e  
S c h n e id e r  & Pe term ann  (1950) u se  0.88M s u c r o s e  c o n t a i n i n g  a  
t r a c e  (0.0018M) o f  c a lc iu m  c h l o r i d e ?w h ic h  i s  s a i d  t o  p r e v e n t  
d i s r u p t i o n  o f  th e  n u c l e i .  W ilb u r  & A nderson  (1951) c la im  
t h a t  a m ethod w h ich  t h e y  have  d e v i s e d  em ploy ing  s e v e r a l  
b u f f e r e d  s u c ro s e  s o l u t i o n s  o f  d i f f e r e n t  s p e c i f i c  g r a v i t i e s ,  
y i e l d s  n u c l e i  w h ich  a r e  o p t i c a l l y  v e r y  s i m i l a r  to  t h o s e  
w i t h i n  l i v i n g  c e l l s .  U n f o r t u n a t e l y ,  s i n c e  d u r in g  t h e  i s o ­
l a t i o n  p r o c e s s  th e  n u c l e i  t e n d  to  fo rm  l a r g e  c lu m p s ,  th e  
u s e f u l n e s s  o f  t h i s  t e c h n iq u e  i s  somewhat l i m i t e d .  R e c e n t ­
l y  Bounce (1952a) d e s c r i b e d  b r i e f l y  how n u c l e i  may be i s o l a t e d  
i n  1% gum a r a b i c  s o l u t i o n  a d j u s t e d  t o  pH6 w i t h  sodium  
h y d ro x id e .  F i n a l l y  F a l c o n e r ,  Je n d en  & T a y lo r  (1953) have 
d e v is e d  a m ethod f o r  the  i s o l a t i o n  o f  n u c l e i  from  r a t  l i v e r  
u s i n g  v e ry  c o n c e n t r a t e d  s o l u t i o n s  o f  ammonium s u l p h a t e .
S ince  t h i s  t e c h n iq u e  r e s u l t s  i n  p r e c i p i t a t i o n  o f  th e  t i s s u e
p r o t e i n s  i n  s i t u  i t  w ou ld  seem p a r t i c u l a r l y  s u i t a b l e  f o r  
s t u d i e s  o f  th e  p r o t e i n s  o f  th e  n u c l e u s .
A c e r t a i n  amount o f  i n f o r m a t io n  on th e  c h e m is t r y  o f
th e  n u c le u s  h a s  a l s o  b e en  o b t a i n e d  f ro m  t h e  t i s s u e  f r a c t i o n a ­
t i o n  s t u d i e s  o f  S c h n e id e r ,  Hogeboom and o t h e r s  (see  S c h n e id e r  
& Hogeboom, 1 9 5 1 ,f o r  r e f e r e n c e s ) .  The t e c h n iq u e  u s e d  i n
su c h  s t u d i e s  i s  t o  hom ogenize th e  t i s s u e  i n  a  s u i t a b l e  medium 
and th e n  by d i f f e r e n t i a l  c e n t r i f u g a t i o n  to  s e p a r a t e  t h e  
hom ogenate i n t o  a  number o f  f r a c t i o n s  ( u s u a l ly  a  n u c l e a r  
f r a c t i o n ,  a l a r g e  g r a n u le  o r  m i t o c h o n d r i a l  f r a c t i o n ,  a 
s m a l l  g r a n u le  o r  m icrosom e f r a c t i o n  and a  n o n - s e d im e n ta b le  
o r  c e l l  s a p  f r a c t i o n ) . By a n a l y s i s  o f  t h e s e  i n d i v i d u a l  
f r a c t i o n s  i t  i s  p o s s i b l e  t o  d e te rm in e  how enzym es, e t c . ,  a r e  
l o c a l i z e d  w i t h i n  th e  c e l l .  The r e s u l t s  o b t a i n e d  f o r  t h e  
n u c l e a r  f r a c t i o n  b y  t h i s  m ethod m u s t ,  ho w ev er ,  be r e g a r d e d  
w i t h  c o n s i d e r a b le  r e s e r v e  s i n c e  t h i s  f r a c t i o n  i s  g e n e r a l l y  
h e a v i l y  c o n ta m in a te d  w i t h  m i to c h o n d r i a ,  whole c e l l s ,  e t c .  
R e c e n t ly ,  Hogeboom, S c h n e id e r  & S t r i e b i c h  (1952) have 
d e s c r i b e d  w hat i s ,  i n  e f f e c t ,  a  m o d i f i c a t i o n  o f  t h e  t i s s u e  
f r a c t i o n  t e c h n iq u e  b y  w h ic h ,  t h e y  c l a im ,  u p  t o  9Qc/o o f  t h e  
n u c l e i  o f  r a t  l i v e r  may be i s o l a t e d  i n  a  h i g h  s t a t e  o f  
p u r i t y .
A tte m p ts  have  a l s o  b een  made to  i s o l a t e  i n d i v i d u a l  
com ponents o f  th e  n u c l e u s .  The m ost im p o r ta n t  o f  t h e s e  has  
be en  the  i s o l a t i o n  o f  c h ro m a tin  t h r e a d s  f i r s t  d e s c r i b e d  by 
C laude & P o t t e r  (1945) and M irsky  & P o l l i s t e r  (1 9 4 3 ) .  A l ­
th o u g h  th e  m ethods em ployed by  t h e s e  two g ro u p s  o f  w orkers  
were d i f f e r e n t  -  Claude & P o t t e r  (1943) u s e d  m a c e ra te d  
mouse leukem ic  t i s s u e  a s  t h e i r  s t a r t i n g  m a t e r i a l  w hereas  
M irsky  & P o l l i s t e r  (1943) s u b j e c t e d  f i s h  e r y t h r o c y t e s  t o  
h o m o g e n iz a t io n  i n  a  W aring b le n d o r  -  and  t h e i r  p r o d u c t s  a l s o
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d i f f e r e d  i n  some r e s p e c t s  -  C laude & P o t t e r ’ s c h ro m a t in  
t h r e a d s  "were e x te n d e d  "while Mir sky  cc P o l l i s t e r ’ s w ere  con­
t r a c t e d  -  h o th  g roup s  a g re e d  i n  c l a im in g  t h a t  t h e y  h a d  i s o ­
l a t e d  i n t e r p h a s e  chromosomes (se e  Mir sky  & R is  , 1 9 4 7 a ,  b ;
R is  Sc M irsk y ,  1 9 4 9 ) .  T h is  h a s  b e en  c o n t e s t e d  by Lamb 
(1949 , 1950) who i s  o f  t h e  o p in io n  t h a t  t h e  s t r u c t u r e s  i s o ­
l a t e d  were no more th a n  f r a g m e n ts  o f n u c l e i  w h ich  h a d  b e e n  
s t r e t c h e d  and  t o r n  t o  p i e c e s  d u r in g  h o m o g e n iz a t io n .  T h is  
c r i t i c i s m  h a s  n o t  b e en  a c c e p te d  by R is  (1951) who c la im s  
t h a t  n u c l e a r  f r a g m e n ts  o f  t h i s  d e s c r i p t i o n  can  b e  r e a d i l y  
d i s t i n g u i s h e d  from  ' " i s o l a t e d  chrom osom es” b y ,  f o r  e x am p le ,  
t h e  p r e s e n c e  o f  a  n u c l e a r  membrane. The a rg u m e n ts  i n  
f a v o u r  o f  i d e n t i f y i n g  i s o l a t e d  c h ro m a t in  t h r e a d s  a s  i n t e r ­
phase  chromosomes have r e c e n t l y  b e e n  sum m arised  by R is  (1951) 
and M irsky  (1951) a s  f o l l o w s :
1 ) .  They have th e  c h a r a c t e r i s t i c  shape  and l o n g i t u d i n a l  
d i f f e r e n t i a t i o n  o f  chrom osom es.
2 ) .  They a r e  d i s t i n c t l y  d o u b le .
3 ) .  Under t h e  i n f l u e n c e  o f  ”u n c o i l i n g  a g e n t s ” su c h  a s  
p o ta s s iu m  c y a n id e  t h e y  u n r a v e l  i n t o  t h e  g y re s  o f  a  h e l i x .
4 ) .  They b e a r  c e r t a i n  m o r p h o lo g ic a l  r e s e m b la n c e s  t o  
m e tap h ase  chrom osomes.
5 ) .  L ike  chromosomes i n  s i t u  t h e y  g iv e  a  p o s i t i v e  
F e u lg e n  r e a c t i o n .
S im i la r  a rg u m en ts  have  b e e n  p u t  fo rw a r d  by P o l l i  (1 9 5 2 ) .  
P o l l i s t e r  (1952a), on th e  o t h e r  h a n d ,  i s  now a p p a r e n t l y  o f  
t h e  o p in io n  t h a t  w h i le  some o f  th e  i s o l a t e d  c h ro m a tin  
t h r e a d s  a r e  a lm o s t  c e r t a i n l y  t r u e  i n t e r p h a s e  chromosomes 
t h i s  may n o t  be  t r u e  o f  them a l l .
One o r  two r e p o r t s  have  r e c e n t l y  a p p e a re d  on th e  i s o ­
l a t i o n  o f  o t h e r  com ponents o f  t h e  n u c l e u s .  V in c e n t  (1 9 5 2 ) ,  
f o r  exam ple , h a s  i s o l a t e d  t h e  n u c l e o l i  o f  s t a r f i s h  o o c y te s  
i n  s u f f i c i e n t  q u a n t i t y  f o r  c h e m ic a l  a n a l y s i s  and  C a l ia n  
(1952) h as  shown t h a t  o o c y te  n u c l e i  o f  th e  new t T r i t u r u s  
c r i s t a t u s  c a r n i f e x  a r e  s u f f i c i e n t l y  l a r g e  f o r  f r e e - h a n d  
d i s s e c t i o n .  M azia & Katsuma (1952) have  b r i e f l y  d e s c r i b e d  
a  m ethod o f  i s o l a t i n g  th e  m i t o t i c  a p p a r a tu s  o f  d i v i d i n g  
c e l l s  i n  s e a  u r c h i n  e g g s .  S in c e  t h e s e  m ethods c a n  be 
a p p l i e d  o n ly  i n  a  few s p e c i a l  c a s e s  th e  r e s u l t s  o b t a i n e d  b y  
t h e i r  u s e  may n o t  be u n i v e r s a l l y  v a l i d .  The same c a u t i o n  
a p p l i e s ,  th o u g h  w i t h  somewhat d im in is h e d  f o r c e ,  to  t h e  
m e c h a n ic a l  t e c h n iq u e  u s e d  by some w o rk e rs  to  i s o l a t e  th e  
g i a n t  chromosomes o f  D ro s o p h i la  s a l i v a r y  g la n d s  (Chu &
P a i ,  19 45 ; B lumel & K irb y ,  1 9 4 8 ) .  The r e c e n t  c la im  o f  
Bounce (B ounce, 1952a; Bounce & L i t t ,  1952) t o  h av e  i s o l a t e d  
n u c l e o l i  from  l i v e r  n u c l e i  by  w hat may p e rh a p s  be a method 
o f  g e n e r a l  a p p l i c a b i l i t y  i s  t h e r e f o r e  o f  p a r t i c u l a r  i n t e r e s t .
The v a r i o u s  m ethods d e s c r i b e d  above have  been  a p p l i e d  
a lm o s t  e x c l u s i v e l y  to  a n im a l  t i s s u e s .  S in ce  B e h r e n s ’ work 
on th e  n u c l e i  o f  ry e  germ (B e h re n s ,  1938; F e u lg e n ,  B ehrens  
& M a h d ih assan ,  1937) l i t t l e  i n t e r e s t  a p p e a r s  to  hav e  been  
t a k e n  i n  t h e  p o s s i b i l i t y  o f  i s o l a t i n g  n u c l e i  f ro m  p l a n t  
t i s s u e s .  R e c e n t l y ,  however,-Brown (1951) h a s  p u b l i s h e d  a  
m ethod  f o r  th e  i s o l a t i o n  o f  n u c l e i  from  o n io n  r o o t  t i p s  i n ­
v o lv in g  th e  u se  o f  p e c t i n a s e  s o l u t i o n .  U n f o r t u n a t e l y ,  i t  
i s  d o u b t f u l ,  j u d g in g  from  t h e  p h o to g ra p h  \ t i i c h  acco m p an ies  
h i s  r e p o r t ,  w h e th e r  h i s  p r o d u c t  i s  s u f f i c i e n t l y  f r e e  o f  
c y to p la s m ic  c o n ta m in a t io n  t o  b e  u se d  i n  c h e m ic a l  s t u d i e s .
1 .5  The p r o t e i n s  o f  th e  c e l l  n u c l e u s .
The n a t u r e  and p r o p e r t i e s  o f  one o f  t h e  m a jo r  c h e m ic a l  
com ponents o f  t h e  c e l l  n u c l e u s ,  nam ely  DNA, h av e  a l r e a d y  
b een  d i s c u s s e d .  The s tu d y  o f  a n o th e r  m a jo r  com ponent, t h e  
n u c l e a r  p r o t e i n s ,  d a t e s  from  I,lie s e l l e r ’ s d i s c o v e r y  i n  1868 
o f  t h e  o r g a n ic  b a se  p r e s e n t  i n  salm on sp e rm a to zo a  w h ich  he  
c a l l e d  " p r o ta m in e ” . T h is  d i s c o v e r y  e x c i t e d  l i t t l e  i n t e r e s t  
In d e e d ,  i t  i s  s a i d  ( K o s s e l ,  1928) t h a t  i n  th e  n e x t  tw e n ty  
y e a r s  o n ly  one b r i e f  r e f e r e n c e  to  p ro ta m in e  o c c u r s  i n  th e  
l i t e r a t u r e .  In  1884 K o s s e l  r e p o r t e d  th e  o c c u r r e n c e  o f  a 
p r o t e i n  r i c h  i n  n i t r o g e n  i n  t h e  n u c l e i  o f  a v ia n  e r y t h r o c y t e s  
L ike  " p ro ta m in e "  t h e  new p r o t e i n ,  w h ich  K o sse l  c a l l e d  
" h i s t o n e " ,  was fo u n d  i n  s a l t - l i k e  c o m b in a t io n  w i th  n u c l e i c
a c i d .  H is to n e  was s u b s e q u e n t ly  fo u n d  to  o c c u r  a l s o  in  
thymus ( L i l i e n f e l d ,  1 8 9 4 ) .  I n  1894 K o s se l  i s o l a t e d  from  
s tu r g e o n  sperm  a  s u b s ta n c e  v e ry  s i m i l a r  t o  Iv l ie sc h e r 's  
p ro ta m in e .  He a c c o r d i n g l y  p ro p o se d  t h a t  th e  name " p r o t ­
amine" sh o u ld  b e  e x te n d e d  t o  c o v e r  b o th  b a s e s  and t h a t  th e  
i n d i v i d u a l  p r o ta m in e s  s h o u ld  b e  nam ed, a f t e r  th e  s p e c i e s  
from  w hich  th e y  w ere o b t a i n e d ,  " s a lm in e "  and " s t u r i n e " .
Three y e a r s  l a t e r  K o s s e l  (1899) showed by h y d r o l y s i s  t h a t  
s t u r i n e  c o n ta in e d  a m i n o - a c i d s ,  i n d i c a t i n g  t h a t  p ro ta m in e s  
h a d  a  p r o t e i n - l i k e  s t r u c t u r e  and  w ere th u s  r e l a t e d  to  th e  
h i s t o n e s .
K o s s e l  d e v o te d  th e  r e s t  o f  h i s  l i f e  to  t h e  i n v e s t i g a ­
t i o n  o f  p ro ta m in e s  and h i s t o n e s .  The r e s u l t s  o f  h i s  work 
and t h a t  o f  h i s  a s s o c i a t e s  a r e  r e v ie w e d  in  h i s  l a s t  p u b l i c a ­
t i o n ,  a  m onograph p u b l i s h e d  p o s th u m o u s ly  in  1928 . He 
found  t h a t  p ro ta m in e s  w ere  v e r y  s im p le  b a s i c  p r o t e i n s  b u i l t  
up  from  o n ly  a few s p e c i e s  o f  a m in o - a c id s .  A lm ost w i th o u t  
e x c e p t io n  th e y  h a d  a d i s p r o p o r t i o n a t e l y  h i g h  c o n te n t  o f  
a r g i n i n e .  They w ere fo u n d  o n ly  in  th e  sp e rm a to zo a  o f  
c e r t a i n  f i s h  and K o s se l  was a b l e  to  r e p o r t  th e  c o m p o s i t io n  
o f  sp ec im en s  from  no l e s s  th a n  s e v e n te e n  s p e c i e s  (o f  w hich  
f i f t e e n  w ere  t e l e o s t s ) .  The h i s t o n e s ,  a l s o ,  were d e f i n i t e ­
l y  b a s i c  In  c h a r a c t e r ,  b u t  t h e y  c o n t a i n e d  a f a r  g r e a t e r  
v a r i e t y  o f  a m in o -a c id s  and t h e i r  a r g i n i n e  c o n te n t  was
m ark e d ly  lo w e r .  They were more -vddely d i s t r i b u t e d  th a n  
th e  p ro ta m in e s  h a v in g  been  i d e n t i f i e d  i n  sperm  h e a d s  o f  
c e r t a i n  f i s h  ( e . g . , G adid a e ) ,  i n  a v ia n  e r y t h r o c y t e s ,  an d  
i n  c a l f  thym us n u c l e i .
T w e n ty - f iv e  y e a r s  o f  r e s e a r c h  i n t o  p r o t e i n  s t r u c t u r e  
have n o t  b ro u g h t  any d r a m a t i c  d e v e lo p m e n ts  i n  ou r  know ledge 
o f  th e  c h e m is t r y  o f  th e  p ro ta m in e s  and  h i s t o n e s .  The l a s t  
c o m preh en s ive  r e v ie w  of th e  s u b j e c t  (Synge, 1943) was i n ­
deed  l a r g e l y  d e v o te d  t o  a  c o n s i d e r a t i o n  o f  th e  w ork  o f  
K o s se l  and h i s  a s s o c i a t e s .  S ince  t h e n ,  h o w e v e r ,  t h e  u s e  
o f  m odern m ethods  o f  p r o t e i n  a n a l y s i s  by B lo c k ,  Hamer and  
o t h e r s  h a s  l e d  t o  a  somewhat b e t t e r  u n d e r s t a n d i n g  o f  th e  
n a t u r e  o f  b o th  p r o t e i n s  (B lock  & B o l l i n g ,  1945; T r i s t r a m ,  
1947; Hamer & Woodhouse, 1949 ; B lo c k ,  B o l l i n g ,  G ershon  & 
S o b e r ,  1949 ; F e l i x ,  F i s c h e r ,  K re k e ls  & R auen , 1950; 
W a ld s c h m i t - L e i t z , Kuhn 5c Z i n n e r t ,  1951; Hamer, 1951 ; 
D avidson 5c L a w rie ,  1948; D aly , Mir sky 5c R i s ,  1951; L e a f  & 
E a d ie ,  1952 ; B ru n is h ,  F a i r l e y  5: L uck , 1 9 5 1 ) .  In  p a r ­
t i c u l a r ,  i t  has  been  c o n f irm e d  t h a t  h i s t o n e s  a r e  d i s t i n c t l y  
more com plex  th a n  p r o t a m in e s .  I t  s h o u ld ,  how ever, be  
em phasized  t h a t  t h e r e  may e x i s t  b a s i c  n u c l e a r  p r o t e i n s  
i n t e r m e d i a t e  i n  c o m p le x i ty  be tw een  h i s t o n e s  and  p ro ta m in e s  
(K o s s e l ,  1 9 2 8 ) .  The b a s i c  p r o t e i n  o f  fo w l sperm , g a l l i n ,  
w h ich  was d i s c o v e r e d  by D a ly , Mir sky  & R is  (1951) and
T ab le  7 .
A m in o -ac id  c o m p o s i t io n  o f  s a lm in e  ( th e  p ro ta m in e  o f  
salm on s p e r m ) .
R e l a t i v e  num bers o f  a m in o - a c id  r e s i d u e s
( 1 ) (2 ) .
A rg in in e  47 -1  40
A la n in e  4 1
G ly c in e  -  3
I s o l e u c i n e  1 1
P r o l i n e  6 4
S e r in e  6 7
V a l in e  3 2
T o ta l  67 ±1 58
Minimum
m o le c u la r  w e ig h t  9000 8000
from  (1) B lock  & B o l l i n g  (1 9 4 5 ) ,  
and (2) T r i s t r a m  (1 9 4 7 ) .
Table 8 .
A m in o -ac id  c o m p o s i t io n  o f  p ro ta m in e s  and h i s t o n e s .
(A m ino -ac id  n i t r o g e n  a s  % o f  t o t a l  n i t r o g e n . )
C lu p e in  
h e r r i n g  
p ro ta m in e
( h e r sperm  
>)
C a l f  thym us 
h i s t o n e
R a t  l i v e r  
h i s t o n e
(1) (2) (3) (4) (4)
A la n in e 4 .7 1 .8 9 6 .0 8 .5 1 0 .7
Ammonia - - 4 .8 9 .5 7 .2
A rg in in e 8 7 .1 8 9 .7 3 0 .7 2 0 .1 2 3 .2
A s p a r t i c
a c id
G lu tam ic
— — 3 .3 5 .4 4 .4 5
a c id — - 2 .2 5 6 .9 5 .6 8
G-lyc in e - - 5 .2 6 .2 5 .9 4
H i s t i d i n e — — 4 .0 4 .2 1 .6 2
I s o l e u c i n e 1 .0 0 .4 3 1 2 .0 3 .7
L euc in e - 3 .0 5 6 .1 10. 0
L y sin e 10 .8 8 .5 1 1 .6
P h e n y la la n in e - — 1 .9 1 .1 7 1 .6 5
P r o l i n e 8 .2 2 .2 2 2 .7 3 . 0 2 .1
S e r in e 3 .4 2 .4 2 3 .4 5 4 .7 5 .0
T hreo n in e 1 .9 0 .6 5 3 .1 3 .5 3 5 .6
T y ro s in e MM 1 .4 0 .5 1 .0 7
V a lin e - 1 .6 0 4 .9 6 .1 3 . 9
from (1) B lock e t a l . (1949)
(2) F e l i x e t a l . (1950)
(3) Hamer (1951)
and (4) L e a f  & E a d ie (1952) •
T able 9 .
A n a ly se s  o f  t h e  b a s i c  p r o t e i n s  i s o l a t e d  from  t h e  n u c l e i  
o f  v a r i o u s  t i s s u e s  o f  th e  sa lm o n .
Source
M ature sperm 
h e ad s
N i t r o g e n  c o n t e n t  
o f  s u l p h a t e(Ir
22.6
A r g in in e  n i t r o g e n  
(a s  % o f  t o t a l  
n i t r o g e n )
8 7 .7
N u c le i  f ro m
u n r ip e  t e s t e s  2 0 .6 6 6 .5
E r y th r o c y te
n u c l e i
L iv e r  n u c l e i
1 5 .6
1 5 .7 5
1 9 .0
2 5 .3
from  Stedman & Stedman (1 9 4 7 a ,  b ) .
T able 1 0 .
A n a ly se s  o f  "m a in ” and  11 s u b s i d i a r y 11 h i s t o n e s  from  
v a r io u s  ox t i s s u e s .
A r g in in e  n i t r o g e n
(a s  jo o f  t o t a l  T y ro s in e
n i t r o g e n ) (%)
Thymus
main h i s t o n e  2 9 .8  4 .3 7
s u b s i d i a r y  h i s t o n e  1 1 .5  1 .4 0
S p le e n
m ain  h i s t o n e  2 9 .3  4 .3 3
s u b s i d i a r y  h i s t o n e  1 3 .3  1 .2 9
L iv e r
main h i s t o n e  3 0 .4  4 .3 2
s u b s i d i a r y  h i s t o n e  1 3 .8  1 ,7 0
fro m  Stedman & Stedman (1 9 5 1 ) .
c l a s s i f i e d  by  them  a s  a p ro ta m in e  m ig h t  p e rh a p s  be p l a c e d  
In t h i s  c a t e g o r y .  So a l s o  m ig h t  t h e  b a s i c  p r o t e i n s  o f  
m o llu s c  and s e a  u r c h i n  sperm d e s c r i b e d  by  H u l t i n  & H erne  
(1 9 4 9 ) .  Some d a t a  on t h e  c o m p o s i t io n  o f  b a s i c  n u c l e a r  
p r o t e i n s  a r e  g iv e n  i n  T a b le s  7 and 8 .
A lth o u g h  t h e  t h r e e  s o r t s  o f  t i s s u e  f ro m  w hich  K o s s e l  
and h i s  a s s o c i a t e s  had  i s o l a t e d  p ro ta m in e  o r  h i s t o n e  ( f i s h  
sperm , a v ia n  e r y t h r o c y t e s  and  c a l f  thym us) c o u ld  h a r d l y  
have been  more d i v e r s e  K o s s e l  h i m s e l f  d oes  n o t  a p p e a r  t o  
have  th o u g h t  i t  p r o b a b le  t h a t  a l l  n u c l e i  s h o u ld  c o n t a i n  one 
o r  o t h e r  o f  t h e s e  b a s i c  p r o t e i n s .  The d e m o n s t r a t i o n  t h a t  
t h i s  i s ,  i n  f a c t ,  t h e  c a s e  was l a r g e l y  th e  r e s u l t  o f  a p p ly ­
in g  t o  a w ide v a r i e t y  o f  t i s s u e s  th e  m ethod f o r  t h e  ex ­
t r a c t i o n  of h i s t o n e  i n  c o m b in a t io n  w i t h  DNA w hich  was d e ­
v i s e d  by  M irsky & P o l l i s t e r  (1 9 4 2 ) .  By t h i s  m eans, s o -  
c a l l e d  nn u c l e o h i s t o n e s if s i m i l a r  to  th o s e  p r e v i o u s l y  o b t a i n e d  
from  c a l f  thymus were e x t r a c t e d  from  mammalian l i v e r ,  k id n e y ,  
s p l e e n ,  b r a i n ,  p a n c r e a s  and  thym us; from  f r o g ,  sh a d ,  t r o u t ,  
and s e a  u r c h in  spe rm ; from  l i v e r ,  s p l e e n  and b lo o d  c e l l s  
o f  t h e  d o g - f i s h ;  and  fro m  wheat germ (M irsk y , 1943 ;
M irsky  & P o l l i s t e r ,  1 9 4 6 ) .  A t a b o u t  th e  same tim e, Stedman 
8c Stedman b eg an  a  th o ro u g h  i n v e s t i g a t i o n  o f  t h e  b a s i c  p r o ­
t e i n s  w hich  th e y  o b t a in e d  by e x t r a c t i n g  n u c l e i  i s o l a t e d  from  
v a r io u s  t i s s u e s  w i th  d i l u t e  (0 .1N ) h y d r o c h l o r i c  o r  s u l p h u r i c  
a c i d .  In  t h e  c o u r s e  o f  t h i s  work th e y  fo u n d ,  c o n t r a r y  to
34
t h e i r  e x p e c t a t i o n s ,  t h a t  th e  b a s i c  p r o t e i n s  o f  salm on 
e r y t h r o c y t e  and l i v e r  n u c l e i  w ere  n o t  p ro ta m in e s  b u t  h i s t o n e s ,  
a l th o u g h  salm on sperm  h a d  been  the  t i s s u e  in  w hich M ie sc h e r  
o r i g i n a l l y  d i s c o v e r e d  p ro ta m in e  (Stedm an 2c Stedm an, 1 9 4 4 ) .  
M oreover, t h e r e  a p p e a re d  to  be a  d i f f e r e n c e  i n  c o m p o s i t io n  
betw een th e  e r y t h r o c y t e  h i s t o n e  and  t h e  l i v e r  h i s t o n e  wh i c h  
was to o  g r e a t  t o  be  a t t r i b u t a b l e  to  e x p e r im e n ta l  e r r o r .  A 
s u b s e q u e n t  a n a l y s i s  o f  th e  b a s i c  p r o t e i n  o f  im m ature salmon 
t e s t e s  gave f i g u r e s  i n t e r m e d i a t e  b e tw ee n  th o s e  o b ta in e d  f o r  
sperm h e ad s  and  f o r  l i v e r  n u c l e i .  These r e s u l t s  i n d i c a t e d  
q u i t e  c l e a r l y  t h a t  th e  c o m p o s i t io n  o f  t h e  b a s i c  p r o t e i n  o f  
th e  n u c le u s  c o u ld  v a ry  f ro m  one t i s s u e  to  a n o th e r  w i t h in  a 
s i n g l e  s p e c i e s  (Stedman 2c S tedm an, 1 9 4 7 a , b ,  s e e  a l s o  
Table  9 ) .  More r e c e n t l y  Stedman Sc Stedman (1951) h av e  b e e n  
a b le  t o  f r a c t i o n a t e  t h e  h i s t o n e s  o b ta in e d  from  th e  n u c l e i  
o f  c e r t a i n  t i s s u e s ,  i n c l u d i n g  cod sperm  i n t o  ’’main h i s t o n e s ” 
and ’’s u b s i d i a r y  h i s t o n e s ” , M irsky  Sc R is  (1947b) had  p r e ­
v i o u s l y  p ro d u ce d  e v id e n c e  f o r  t h e  o c c u r r e n c e  o f  more th a n  
one ty p e  o f  h i s t o n e  i n  c a l f  thymus b u t  t h i s  m ig h t  h av e  been  
due t o  d i f f e r e n t  c e l l  t y p e s  w i t h i n  t h e  t i s s u e  c o n t a i n i n g  
d i f f e r e n t  h i s t o n e s .  Stedman Sc S tedm an1s (1951) d e m o n s t r a ­
t i o n  o f  t h e  same phenomenon i n  s p e rm a to z o a ,  where th e  c e l l s  
a re  a l l  of t h e  same t y p e ,  i n d i c a t e s  th e  c o - e x i s t e n c e  o f  two 
h i s t o n e s  w i t h i n  t h e  same n u c le u s .  Some o f  Stedman 2c
Stedm an1s (1951) a n a l y s e s  o f  main and  s u b s i d i a r y  h i s t o n e s  
a r e  shown i n  T ab le  10.
I n c r e d i b l e  a s  i t  may seem, i t  w ould  a p p e a r  t o  have  
been  g e n e r a l l y  b e l i e v e d ,  up to  a b o u t  t e n  y e a r s  a g o ,  t h a t  
h i s t o n e  ( o r  p ro ta m in e )  and  n u c l e i c  a c i d  were th e  o n ly  
q u a n t i t a t i v e l y  im p o r t a n t  c o n s t i t u e n t s  o f  th e  c e l l  n u c l e u s .  
T h is  h i s t o r y  of t h i s  c u r i o u s  c o n ce p t  has  been  sum m arised  by 
Stedman & Stedman (1 9 4 7 a ) .  I t  seems t o  have  had  i t s  
o r i g i n  I n  d e d u c t io n s  drawn from  M i e s c h e r 's  d a t a  by Schm iede- 
b e r g ,  a l t h o u g h  some a t  l e a s t  o f  M ie s c h e r ’ s a n a l y s e s  of 
n u c l e i  a p p e a r  t o  s u p p o r t  e x a c t l y  t h e  o p p o s i t e  c o n c lu s io n  
(M ie sch e r ,  1 8 9 6 ) .  The f i r s t  s u g g e s t i o n  t h a t  t h i s  was an  
o v e r - s i m p l i f i e d  v iew  o f  t h e  s i t u a t i o n  came from  th e  c y to -  
c h em ic a l  s t u d i e s  o f  G asp e rsso n  (1941) w h ic h  i n d i c a t e d  th e  
p re s e n c e  o f  a h ig h e r  p r o t e i n  i n  t h e  n u c le u s  i n  a d d i t i o n  to  
h i s t o n e  and IMA. In  th e  f o l l o w i n g  y e a r  Mayer & G-ulick
(1942) r e p o r t e d  t h a t  n u c l e i  w hich  t h e y  load i s o l a t e d  by th e  
B ehrens t e c h n iq u e  c o n ta in e d ,  in  a d d i t i o n  t o  MA and  h i s t o n e ,  
two h ig h e r  p r o t e i n s ,  a c i d i c  r a t h e r  th a n  b a s i c  i n  n a t u r e ,  one 
o f  w hich  a p p e a re d  t o  be o f  t h e  g l o b u l i n  ty p e  and  t o  have  a  
h ig h  c o n te n t  o f  s u l p h u r .  T h is  announcem ent a p p e a r s  t o  
have a t t r a c t e d  l i t t l e  a t t e n t i o n ,  b u t  s h o r t l y  a f t e r w a r d s  
Stedman & Stedman (1943) r e p o r t e d  th e  d i s c o v e r y  o f  a  n o n ­
h i s t o n e  p r o t e i n  i n  t h e  n u c le u s  w hich  was c h a r a c t e r i s e d  by
i t s  t r y p to p h a n  c o n t e n t  and  by an i s o - e l e c t r i c  p o i n t  b e tw een  
pH 3 and  5 .  S in c e  i t  s t a i n e d  s t r o n g l y  w i t h  su c h  b a s i c  
d yes  a s  m e th y len e  b l u e  and  g e n t i a n  v i o l e t  and  s i n c e  w i t h  
h a e m a to x y l in  i t  g av e  th e  c h a r a c t e r i s t i c  b lu e  c o l o u r  s e e n  
in  th e  n u c l e i  o f  a h a e m a to x y l in  s t a i n e d  s e c t i o n  Stedman & 
Stedman (1943) c o n c lu d e d  n o t  o n ly  t h a t  I t  was r e s p o n s i b l e  
f o r  t h e  s t a i n i n g  r e a c t i o n s  o f  th e  n u c le u s  b u t  a l s o  t h a t  i t  
was th e  m ost i m p o r t a n t ,  i f  n o t  th e  s o l e ,  c o n s t i t u e n t  o f  th e  
chromosomes. A c c o r d in g ly ,  t h e y  named i t  ,f chrom osom in” .
On a n a l y s i s  chromosomin was fo u n d  to  have  a s u r p r i s i n g l y  
h ig h  c o n t e n t  o f  b a s i c  a m in o - a c id s  ( a r g i n i n e ,  9 .5% ; h i s t i d ­
i n e ,  5%; l y s i n e ,  11%). I t s  a c i d i c  p r o p e r t i e s  were p resum ed  
t o  be due to  a  c o r r e s p o n d in g ly  h ig h  c o n t e n t  o f  g lu ta m ic  and 
a s p a r t i c  a c i d s .  A l th o u g h  q u a l i t a t i v e  e x p e r im e n ts  i n d i ­
c a t e d  t h e  p re s e n c e  o f  chrom osomin i n  a l l  n u c l e i  exam ined  
Stedman & Stedman we r e  -unable to  e s t i m a t e  t h e  amount p r e s e n t  
by d i r e c t  a n a l y s i s .  A c c o rd in g ly  t h e y  assumed t h a t  t h e i r  
d r y ,  l i p i d - f r e e  n u c l e i  c o n ta in e d  o n ly  t h r e e  q u a n t i t a t i v e l y  
im p o r ta n t  c o n s t i t u e n t s ,  n u c l e i c  a c i d ,  h i s t o n e  and  chrom osomin. 
H u c le ic  a c i d  c o u ld  be e s t i m a t e d  by p h o sp h o ru s  d e t e r m i n a t i o n s
and h i s t o n e  by  e x t r a c t i o n  w i t h  d i l u t e  s u l p h u r i c  a c i d  and
*
g r a v i m e t r i c  d e t e r m i n a t i o n  a s  h i s t o n e  s u l p h a t e ;  chromosomin 
c o u ld  t h e n  be c a l c u l a t e d  by d i f f e r e n c e  (Stedman & Stedm an, 
1943, 1947a, b ,  1 9 5 1 ) .  Some o f  th e  r e s u l t s  o b t a i n e d  by  
t h i s  method a r e  shown i n  T able  11. The h ig h  c o n t e n t  o f
Table 1 1 .
C o m po sit io n  o f  d r i e d ,  l i p i d  f r e e  n u c l e i .
O r ig in  o f  n u c l e i  H is to n e  N u c le i c  a c i d  Chromosomin— ---------------------- j %-----------
Ox s p le e n  16 24 50
Fowl e r y t h r o c y t e s  24 43 33
C a l f  thymus 21 44 35
Cod sperm 12 28 60
W alker r a t
c a rc in o m a  1 .6  26 7 2 .4
Mouse c a rc in o m a  3 32 65
C h ick  embryos 3 35 62
fro m  Stedman & Stedman (1943b)
Table 12 .
Compos i t  io n  o f  i s o l a t e d  c h ro m a t in  t h r e a d s  (® I s o l a t e d
chrom osom es” ) .
S ource  o f  
c h ro m a tin  t h r e a d s
Carp e r y t h r o c y t e s  
C a lf  thymus 
C a lf  l i v e r  
C a l f  k id n e y  
Beef p a n c re a s
D e o x y r ib o n u c le ic  
a c i d  ( DMA)
%
41
39
26
28
28
f
m
m
from Mirsky & Ris (1949)*
chromosomin ( r e l a t i v e  to  ENA and h i s t o n e )  i n  a l l  th e  p r e ­
p a r a t i o n s  o f  n u c l e i  a n a l y s e d  i s  o f  p a r t i c u l a r  i n t e r e s t .
A n u c l e a r ,  n o n - h i s t o n e ,  t r y p t o p h a n - c o n t a i n i n g  p r o t e i n  
h a s  a l s o  b een  o b t a i n e d  by M irsk y  and  h i s  a s s o c i a t e s  from  
i s o l a t e d  n u c l e i  and f ro m  whole t i s s u e  h o m o gena tes  f ro m  w h ich  
c y to p la s m ic  m a t e r i a l  h a s  b e e n  removed by w ash ing  w i th  
p h y s i o l o g i c a l  s a l i n e  (M irsky  2c P o l l i s t e r ,  1946; P o l l i s t e r  
1 M irsk y , 1 9 4 6 ) .  A l t e r n a t i v e l y  t h i s  s o - c a l l e d  r e s i d u a l  
p r o t e i n  may be o b t a i n e d  by t r e a t i n g  ni s o l a t e d  chrom osomes” 
w i th  n e u t r a l  M sodium  c h l o r i d e  w h ich  rem oves m ost o f  t h e  
IMA and h i s t o n e  l e a v i n g  o n ly  t h e  s o - c a l l e d  ’’r e s i d u a l  chromo­
somes” ; and t r e a t i n g  t h e s e  i n  t u r n  w i th  h o t  d i l u t e  t r i ­
c h l o r a c e t i c  a c id  o r  p h y s i o l o g i c a l  s a l i n e  t o  rem ove th e  r e ­
m a in in g  n u c l e i c  a c i d .  R e s id u a l  p r o t e i n  may be d i s t i n g u i s h e d  
from  h i s t o n e  by i t s  lo w er  n i t r o g e n  c o n te n t  (15% a s  a g a i n s t  
18/£), i t s  t r y p to p h a n  c o n te n t  (1.36% a s  a g a i n s t  0.14% f o r  
thymus h i s t o n e )  and i t s  i n s o l u b i l i t y  (M irsky  & R i s , 1 9 4 7 b ) .  
The c o m p o s i t io n ,  i n  te rm s  o f  ENA and  r e s i d u a l  p r o t e i n ,  of 
’’i s o l a t e d  chromosomes” i s  shown in  T ab le  12 . A p r o t e i n  
s i m i l a r  to  r e s i d u a l  p r o t e i n  h a s  a l s o  b e e n  o b t a in e d  by 
J e e n e r  (1946 , 1 9 4 7 ) .  I t  m ust be b o rn e  i n  mind t h a t  chromo­
somin and r e s i d u a l  p r o t e i n  a r e  n o t  h i g h l y  c h a r a c t e r i s e d  
i n d i v i d u a l  p r o t e i n s  b u t  r a t h e r  v a g u e ly  d e f i n e d  p r o t e i n  
f r a c t i o n s  -yfoich, i n  a b se n c e  o f  e v id e n c e  t o  th e  c o n t r a r y ,  may
be p resum ed  t o  be more o r  l e s s  h e te r o g e n e o u s .  I t  i s  n o t  
y e t  c l e a r  t o  w hat e x t e n t  ”chrom osom in” and  ’’r e s i d u a l  p r o ­
t e i n ” may be r e g a r d e d  a s  d i f f e r e n t  names f o r  th e  same 
c h e m ic a l  e n t i t y .
S in c e  t h e  o r i g i n a l  o b s e r v a t i o n s  o f  Stedman 2c Stedman
(1943) an d  M irsky  (M irsky  2c P o l l i s t e r ,  1946 ; P o l l i s t e r  & 
M irsky , 1946) were p u b l i s h e d  a number o f  p a p e r s  have  a p p e a r ­
ed d e s c r i b i n g  n u c l e a r  n o n - h i s t o n e  p r o t e i n s .  Thomas 2; Mayer 
(1949) have r e p o r t e d  th e  o c c u r r e n c e  in  b o a r  sperm  o f  a  p r o ­
t e i n  s o l u b l e  i n  a l k a l i  a n d  p r e c i p i t a t e d  a t  pH 6. S i m i l a r  
p r o t e i n s  have s u b s e q u e n t ly  b e en  o b t a i n e d  fro m  i s o l a t e d  r a t  
l i v e r  n u c l e i  and c a l f  thym us chromosomes (Wang, K irkham , 
D allam , Mayer & Thomas, 1 9 4 9 ) .  More r e c e n t l y ,  th e  same g ro u p  
o f  w orkers  have i d e n t i f i e d  th e  a l k a l i - s o l u b l e  p r o t e i n  o f  i s o ­
l a t e d  r a t  l i v e r  n u c l e i  a s  a l i p o p r o t e i n  c o n t a i n i n g  p h o sp h o ­
l i p i d  and  c h o l e s t e r o l .  They a p p e a r  t o  r e g a r d  i t  a s  e s s e n t i ­
a l l y  i d e n t i c a l  w i t h  b o th  chromosomin and  r e s i d u a l  p r o t e i n  
b u t  th e y  s u g g e s t  t h a t  i t  may be d e r i v e d  from  th e  n u c l e a r  mem­
b ra n e  r a t h e r  th a n  th e  chrom osom es. I t  a c c o u n ts  f o r  n e a r l y  
50% of th e  d ry  w e ig h t  o f  n u c l e i  i s o l a t e d  a t  pH 6 by th e  
method o f  bounce (1 9 4 3 a ) .  S i m i l a r  p r o t e i n s  have been  ob­
t a i n e d  from  th e  n u c l e i  o f  c a l f  l i v e r ,  c a l f  thym u s , ox 
s p le e n  and fo w l  e r y t h r o c y t e s  (Wang, Mayer & Thomas, 1 9 5 3 ) .  
Brov/n, C a l l a n  2c L eaf  (1950) have  a n a ly s e d  c h r o m a to g r a p h ic a l ly
th e  p r o t e i n s  in  n u c l e a r  sap  i s o l a t e d  from  o 'ocy tes  o f  t h e  
new t T r i t u r u s  c r i 3 t a t u s .  They c o n c lu d e  from t h e i r  r e s u l t s  
t h a t  i n  t h e s e  c e l l s  th e  n u c l e a r  sap  c o n ta in s  h i g h e r  p r o ­
t e i n s  r a t h e r  t h a n  h i s t o n e  o r  p r o ta m in e .  They e m p h a s iz e ,  
how ever ,  t h a t  i t  would b e  u n w ise  to  drawuny g e n e r a l  con­
c l u s i o n s  f ro m  e x p e r im e n ts  on a  c e l l  t y p e  a s  e x t r a o r d i n a r y  
in  i t s  m orphology  a s  t h e  am ph ib ian  o 'ocy te .  Yasuzumi & 
Miyao (1950 , 19 51a , b ) hav e  made an e x t e n s i v e  c h ro m a to ­
g ra p h ic  s tu d y  o f  th e  a m in o -a c id  c o m p o s i t io n  o f  chromosomes 
i s o l a t e d  from  e r y t h r o c y t e s  and  l e u c o c y t e s  o f  a w ide v a r i e t y  
o f  v e r t e b r a t e  s p e c i e s .  T h e i r  r e s u l t s  c o n f i rm  t h e  p r e s e n c e  
o f  h i g h e r  p r o t e i n  in  t h e  chromosomes and i n d i c a t e  t h e  
e x i s t e n c e  o f  d i f f e r e n c e s  i n  c o m p o s i t io n  o f  chromosome p r o ­
t e i n  be tw een  d i f f e r e n t  s p e c i e s  b u t  n o t  b e tw een  th e  l e u c o ­
c y te s  and e r y t h r o c y t e s  o f  t h e  same s p e c i e s .  These con ­
c l u s i o n s  a re  c o n s i s t e n t  a l s o  w i t h  th e  r e s u l t s  o b t a i n e d  by 
Blumel & K irb y  (1948) f o r  th e  c o m p o s i t io n  o f  m e c h a n ic a l ly  
i s o l a t e d  D r o s o p h i l a  s a l i v a r y  g la n d  chrom osomes. The 
e x i s t e n c e  o f  a  h i g h e r  p r o t e i n  in  t h e  n u c le u s  would a l s o  
a p p e a r  t o  be c o n f i rm e d  by th e  a m in o -a c id  a n a ly s e s  o f  
h y d r o l y s a t e s  o f  fo w l e r y t h r o c y t e  n u c l e i  c a r r i e d  o u t  by 
Melampy (1 9 4 8 ) .  U n f o r t u n a t e l y  the  s i g n i f i c a n c e  o f  th e  r e ­
s u l t s  o b t a in e d  i n  t h i s  i n v e s t i g a t i o n  i s  d im in i s h e d  by th e  
f a c t  t h a t  an  a p p r e c i a b l e  p r o p o r t i o n  o f  t h e  n u c l e i  a n a ly z e d  
were c o n ta m in a te d  w i t h  r e s i d u a l  s t ro m a .
The in c o m p le te n e s s  o f  p r e s e n t  know ledge o f  th e  p r o ­
t e i n s  o f  t h e  n u c le u s  i s  u n d e r l i n e d  by  t h e  r e c e n t  d i s c o v e r y  
by Kirkham  & L loyd  (1953) o f  a  t h i r d  p r o t e i n  i n  n u c l e i  
i s o l a t e d  by t h e  B eh ren s  t e c h n iq u e  from  c a l f  thymus and  c a l f  
l i v e r .  The new p r o t e i n  i s  q u i t e  d i s t i n c t  b o t h  fro m  h i s t o n e  
and from  t h e  n u c l e a r  l i p o p r o t e i n  p r e v i o u s l y  d e s c r i b e d  by  
t h i s  g roup  (Wang e t  a l . ,  1953) and  i s  a p p a r e n t l y  o f  t h e  
g l o b u l i n  t y p e .  I t  a c c o u n ts  f o r  a b o u t  20 -  40^  o f  th e  d r y  
mass o f  t h e  n u c l e u s .
1 .6  The enzyme a c t i v i t i e s  o f  t h e  c e l l  n u c l e u s .
P r e s e n t  know ledge  o f  th e  enzym es o f  th e  n u c le u s  i s  
c h i e f l y  d e r i v e d  fro m  t h r e e  s o u r c e s :
( i )  e x a m in a t io n  o f  t h e  n u c l e a r  f r a c t i o n  o b t a i n e d  i n  
th e  c o u rs e  o f  t i s s u e  f r a c t i o n a t i o n ;
( i i )  e x a m in a t io n  o f  n u c l e i  i s o l a t e d  i n  aqueou s  m ed ia ;
( i i i )  e x a m in a t io n  o f  n u c l e i  i s o l a t e d  in  n o n -a q u e o u s  m e d ia .
The r e s u l t s  o b t a i n e d  f ro m  ( i )  may be d i s p o s e d  o f
f a i r l y  b r i e f l y .  I t  h a s  a l r e a d y  b e e n  p o i n t e d  o u t  t h a t  
n u c l e a r  f r a c t i o n s  a r e  i n v a r i a b l y  c o n ta m in a te d  to  a g r e a t e r  
o r  l e s s e r  d e g re e  w i t h  w hole  c e l l s ,  m i t o c h o n d r i a ,  e t c .  I t  
i s  t h e r e f o r e  u n s a f e  to  assume t h a t  any  enzyme a c t i v i t y  
found  i n  t h i s  f r a c t i o n  i s  n e c e s s a r i l y  due to  th e  n u c l e i  
u n l e s s  i t  a c c o u n ts  f o r  a  d i s p r o p o r t i o n a t e l y  h i g h  p e r c e n ta g e  
o f  th e  t o t a l  a c t i v i t y  o f  t h e  t i s s i i e .  F o r exam ple ,
S c h n e id e r  & Hogeboom (1951) have  e m p h as ized  t h a t  o n ly  a b o u t
5/o o f  t h e  t o t a l  cy toch rom e o x id a s e  a c t i v i t y  o f  t h e  l i v e r  
i s  fo u n d  i n  th e  n u c l e a r  f r a c t i o n  com pared w i t h  75 -  80/o 
in  t h e  m i t o c h o n d r i a l  f r a c t i o n  ( S c h n e id e r ,  1946a ; S c h n e id e r  
2c Hogeboom, 1 9 5 0 ) .  U nder t h e s e  c i r c u m s ta n c e s  i t  i s  im­
p o s s i b l e  t o  be c e r t a i n  how much o f  t h e  a c t i v i t y  o f  th e  
n u c l e a r  f r a c t i o n  i s  due t o  t h e  n u c l e i  th e m s e lv e s  and  how 
much t o  c o n ta m in a t in g  m i to c h o n d r i a .  On th e  o t h e r  h a n d ,  
th e  n u c l e a r  f r a c t i o n s  o f r a t  l i v e r  ( N o v ik o f f ,  Podber cc Ryan, 
1950; Ludewig & C h a n u t in ,  1 9 5 0 ;  H o v ik o f f ,  H e ch t ,  P od ber  
2c Ryan, 1952; S c h n e id e r ,  1 9 4 6 a ) ,  r a t  hepa to m a  ( S c h n e id e r ,  
1 9 4 6 a ) ,  mouse l i v e r  and  mouse hepatom a ( S c h n e id e r ,  Hoge­
boom 2c R o ss ,  1950) a c c o u n t  f o r  su c h  a c o n s i d e r a b l e  p r o ­
p o r t i o n  o f  th e  a d e n o s in e  m ono pho sph a tase  and  a d e n o s in e  t r i ­
p h o sp h a ta s e  a c t i v i t i e s  o f  t h e s e  t i s s u e s  t h a t  th e  n u c l e i  
m ust be presum ed to  have  a h i g h  c o n c e n t r a t i o n  o f  t h e s e  
enzym es. One o t h e r  p o s i t i v e  r e s u l t  o f  g r e a t  I n t e r e s t  h a s  
been  o b ta in e d  i n  th e  c o u rs e  o f  t h e s e  s t u d i e s :  i t  h a s  b e en
shown t h a t ,  i n  mouse l i v e r ,  th e  m echanism  f o r  th e  s y n t h e s i s  
o f  d ip h o s p h o p y r id in e  n u c l e o t i d e  i s  a p p a r e n t l y  c o n f in e d  t o  
th e  n u c le u s  (Hogeboom & S c h n e id e r ,  1 9 5 2 ) .  T h is  o b s e r v a t i o n  
i s  o f  p a r t i c u l a r  s i g n i f i c a n c e  s in c e  t h e  s y n t h e s i s  o f  d i ­
p h o s p h o p y r id in e  n u c l e o t i d e  i s  c a r r i e d  o u t  by a w a t e r - s o l u b l e  
enzyme w hich  c an  be r e a d i l y  e x t r a c t e d  from  l i v e r  (K o rn b e rg , 
1950). i t  a p p e a r s ,  t h e r e f o r e ,  t h a t  even i n  t h e  aqueous 
i s o l a t i o n  medium u se d  by th e s e  w o rk e rs  (0.25M s u c r o s e
c o n t a i n i n g  a  t r a c e  o f  c a lc iu m  c h l o r i d e )  t h e  n u c l e a r  membrane 
i s  c a p a b le  o f  r e t a i n i n g  a  s o l u b l e  p r o t e i n .
A f a i r  number o f  i s o l a t e d  o b s e r v a t i o n s  have b e en  pub­
l i s h e d  on  t h e  o c c u r r e n c e  of v a r i o u s  enzymes In  n u c l e i  i s o ­
l a t e d  fro m  v a r i o u s  t i s s u e s  by a  v a r i e t y  of m e th o d s .
M i l l e r  & K o z lo f f  (1947) have  foun d  r l b o n u c l e a s e  in  fo w l 
e r y t h r o c y t e  n u c l e i .  L ang , S e i b e r t ,  B a ld u s  & C orbe t  (1950) 
have o b s e rv e d  t h a t  i n  p i g  k id n e y  th e  c o n c e n t r a t i o n  o f  deo xy ­
r i b o n u c l e a s e  i s  h i g h e r  i n  t h e  n u c le u s  t h a n  i n  th e  c y to p la s m .  
The o c c u r r e n c e  o f  n u c l e a s e s  i n  t h e  n u c le u s  h a s  a l s o  b e en  r e ­
p o r t e d  by E u l e r ,  F i s c h e r ,  H a s s e l q u i s t  oc Jaa rm a  (1945) and 
by Brown & L ask ow sk i (1 9 5 1 ) .  P h o s p h a ta s e  a c t i v i t y  h a s  
be en  d e m o n s tra te d  i n  fo w l e r y t h r o c y t e  n u c l e i  (Dounce &
S e ib e L , 1943) and  i n  " r e s i d u a l  chromosomes" ( J e e n e r ,  1946; 
M irsk y , 1 9 4 7 ) .  On th e  o t h e r  h a n d ,  th e  L -a m in o -a c id  o x i d a s e ,  
D -am in o -ac id  o x i d a s e ,  L - p r o l i n e  o x id a s e  and  x a n th i n e  o x id a s e  
a c t i v i t i e s  o f  p i g  k id n e y  n u c l e i  a r e  n e g l i g i b l e  (Lang & 
S e i b e r t ,  1950) a s  a l s o  i s  the  s u c c i n i c  d e h y d ro g e n a se  a c t i v i t y  
o f  r a t  l i v e r  n u c l e i  (E u le r  e t  a l . ,  1 9 4 5 ) .  C l e a r l y ,  such  a 
mass o f  d i s c o n n e c te d  d a t a  c a n n o t  do more t h a n  i n d i c a t e  t h a t  
th e  n u c le u s  may be c a p a b le  o f  c a t a l y s i n g  a  f a i r l y  w ide 
ran g e  o f  r e a c t i o n s .
F o r t u n a t e l y ,  a  l e n g th y  an d  s y s t e m a t i c  i n v e s t i g a t i o n  o f  
th e  enzymes o f  t h e  r a t  l i v e r  n u c le u s  was u n d e r t a k e n  by
Table 15 .
Enzymes o f  n u c l e i  i s o l a t e d  from  r a t  l i v e r .
Enzyme R e l a t i v e  A c t i v i t y *
i n  n u c le u s
A ld o la s e 40
D -a m in o -a c id  o x id a s e 1 0 0
A rg in a s e 113
C a t a l a s e 50 -  60
C h o lin e  o x id a s e 0
Cytochrome o x id a s e 50 -  60
Cytochrome c low
E n o la se 50
E s t e r a s e 50
L a c t i c  d e h y d ro g e n a se 40
A cid  p h o s p h a ta s e 25 -  50
A lk a l in e  p h o s p h a ta s e 192
P h o s p h o ry la se 26
S u c c in ic  d e h y d ro g e n a se 0
U r ic a s e 1 0 0
A c t i v i t y  p e r  mg. d ry  w t .  o f  n u c l e i _______
A c t i v i t y  p e r  mg. d r y  w t .  o f  w hole  t i s s u e
X 100
fro m  Dounce (1 9 5 0 a ) .
Dounce i n  1943 . The r e s u l t s  o b t a in e d  a r e  shovm i n  T ab le  13 
(se e  Dounce, 1950a , b ) .  They i n d i c a t e  th e  p r e s e n c e  i n  
t h e  n u c le u s  o f  a w ide  r a n g e  o f  enzymes, i n c l u d i n g  some o f  
th o s e  c o n c e rn e d  i n  th e  p r o c e s s  o f  g l y c o l y s i s  ( a l d o l a s e ,  
e n o l a s e ,  l a c t i c  d e h y d ro g e n a se  and p h o s p h o r y l a s e ) . On t h e  
o t h e r  h a n d ,  th e  a b se n c e  o f  s u c c i n i c  d e h y d ro g e n a se  i s  n o t a b l e  
as  i n d i c a t i n g  t h a t  t h e  t r i c a r b o x y l i c  a c i d  c y c l e  does n o t  
o p e ra te  w i t h i n  t h e  n u c l e u s .  W ith  t h e  e x c e p t io n  o f  a l k a l i n e  
p h o s p h a ta s e  m ost o f  th e  enzymes s t u d i e d  were p r e s e n t  i n  t h e  
n u c le u s  o n ly  in  low c o n c e n t r a t i o n .  F o r t h i s  r e a s o n ,  
S c h n e id e r  and h i s  a s s o c i a t e s  ( S c h n e id e r  & Hogeboom, 1951; 
Hogeboom, S c h n e id e r  & S t r i e b i c h ,  1 9 5 2 ; see  a l s o  S c h n e id e r ,  
1946a; Hogeboom & S c h n e id e r ,  1950 ; Hogeboom, 1 9 5 1 ) ,  have  
su g g e s te d  t h a t  i n  th e s e  c a s e s  Dounce w as, i n  f a c t  m e a s u r in g  
th e  enzyme a c t i v i t y  o f  t r a c e s  o f  c y to p la s m ic  c o n ta m in a n ts .  
T h is  i m p l i e s ,  o f  c o u r s e ,  t h a t  t h e  n u c l e u s ,  a p a r t  from  i t s  
p h o sp h a ta s e  a c t i v i t y  and i t s  c a p a c i t y  f o r  s y n t h e s i z i n g  
d ip h o s p h o p y r id in e  n u c l e o t i d e ^ i s  m e t a b o l i c a l l y  r a t h e r  i n e r t .  
Dounce (19 50a ; 1951) d o e s  n o t  a c c e p t  th e  v a l i d i t y  o f  t h e s e
c r i t i c i s m s  and c o n t i n u e s  t o  r e g a r d  t h e  n u c le u s  a s  m e ta ­
b o l i c a l l y  a c t i v e .  T h is  c o n c e p t  f i n d s  a c e r t a i n  m easure  o f  
s u p p o r t  i n  th e  f a c t  t h a t  a v ia n  e r y t h r o c y t e  n u c l e i ,  w h ic h  
can  be i s o l a t e d  much more e a s i l y  th a n  th e  n u c l e i  o f  com pact 
t i s s u e s ,  have  b een  r e p e a t e d l y  shown t o  have  a s l i g h t  b u t  
q u i t e  m e a s u ra b le  oxygen c o n su m p tio n  and  to  be c a p a b le  o f
a n a e ro b ic  g l y c o l y s i s  ( N e g e le in ,  1925; L ask o w sk i ,  1942;
H u n te r  & B a u f i e l d ,  1 9 4 4 ) .
Much more im p r e s s iv e  e v id e n c e  i n  f a v o u r  o f  t h e  "m eta-  
b o l i c a l l y  a c t i v e  n u c l e u s ” h a s  come from  t h e  w ork  o f  S t e r n ,  
M irsk y ,  A l l f r e y  & S a e t r e n  (1 9 5 2 ) .  These w ork e rs  u n d e r to o k  
a  l a r g e - s c a l e  i n v e s t i g a t i o n  o f  t h e  enzyme a c t i v i t i e s  o f  
n u c l e i  i s o l a t e d  f ro m  a wide v a r i e t y  o f  t i s s u e s  by A l l f r e y ’s 
(1952) m o d i f i c a t i o n  o f  th e  B eh ren s  t e c h n iq u e .  B ehrens 
h im s e l f  h a d  shown t h a t  i n  th e  l i v e r s  o f  g u in e a  p ig s  and 
r a b b i t s  th e  n u c l e i  c o n t a in e d  n e a r l y  a s  h ig h  a c o n c e n t r a t i o n  
o f  a r g i n a s e  as th e  c y to p la s m  w h e rea s  t h e i r  l i p a s e  c o n c e n t r a ­
t i o n  was c o m p a r a t i v e ly  low (B e h re n s ,  1 9 3 9 ) .  L a t e r  w o rk e r s  
formed th e  im p r e s s io n  t h a t  t h e  p r e l i m i n a r y  f r e e z e - d r y i n g  r e ­
q u i r e d  i n  t h e  B ehrens  t e c h n iq u e  would p r o b a b ly  i n a c t i v a t e  
a t  l e a s t  some enzymes (S c h n e id e r  & Hogeboom, 1 9 5 1 ) .  S t e m  
e t  a l .  (1952) fo u n d ,  h o w ev er ,  t h a t  t h i s  w a s  a  l e s s  s e r i o u s  
d i f f i c u l t y  th a n  h ad  b een  a n t i c i p a t e d  s in c e  t h o s e  enzymes 
which c o u ld  be p r e p a r e d  as a c e t o n e - e x t r a c t e d  powders s u r v iv e d  
t h e i r  i s o l a t i o n  p r o c e d u r e .  The enzymes w h ich  t h e y  s t u d i e d  
f e l l  i n t o  two c l a s s e s .
( 1 ) .  S p e c i a l  enzymes c h a r a c t e r i s t i c  o f  a p a r t i c u l a r  
t i s s u e ,  e . g . ,  p a n c r e a t i c  am ylase  and  i n t e s t i n a l  
p h o s p h a ta s e .  The p r o t e i n s  h aem og lo b in  and m y o g lo b in , 
t h e  d i s t r i b u t i o n  o f  w hich  was a l s o  s t u d i e d ,  m ig h t  be
r e g a r d e d  a s  b e lo n g in g  to  t h i s  c l a s s .
( 2 ) .  Enzymes o f  g e n e r a l  d i s t r i b u t i o n , s u c h  a s  e s t e r a s e  
and /3  - g l u c u r o n i d a s e .
The. - r e s u l t s  o f  t h i s  m onum ental i n v e s t i g a t i o n  may be 
sum m arised  b r i e f l y  a s  f o l l o w s .
(1) The n u c l e i  o f  d i f f e r e n t  t i s s u e s  have  d i f f e r e n t  
p r o p e r t i e s .  F o r  exam ple , c a l f  l i v e r  n u c l e i  c o n t a i n  c a t a l a s e  
w h i le  c a l f  k id n e y  n u c l e i  do n o t ,  a l th o u g h  th e  enzyme 
o c c u rs  i n  b o t h  t i s s u e s ;  a r g i n a s e  i s  fo und  i n  fo w l  l i v e r  
n u c l e i  b u t  n o t  i n  fo w l k id n e y  n u c l e i ;  and  haem og lob in  
o c c u rs  i n  e r y t h r o c y t e  n u c l e i  w h i le  m yog lob in  a p p e a r s  to  be 
a b s e n t  f ro m  m usc le  n u c l e i .
(2) For enzymes o f  g e n e r a l  d i s t r i b u t i o n  th e  v a r i a t i o n s  
in  a c t i v i t y  be tw een  t h e  n u c l e i  o f  d i f f e r e n t  t i s s u e s  a r e  a s  
g r e a t  a s ,  i f  n o t  g r e a t e r  t h a n ,  th o s e  betw een t h e  t i s s u e s  
th e m s e lv e s .
(3) F a s t i n g  a h o r s e  f o r  tw e n ty  d a y s  c a u s e s  a c a t a ­
s t r o p h i c  d ro p  i n  t h e  c a t a l a s e  a c t i v i t y  o f  b o t h  t h e  n u c l e i  
and c y to p la s m  o f  th e  l i v e r .  The e f f e c t  on o t h e r  l i v e r  e n ­
zymes i s  much l e s s  m arked and t a k e s  th e  fo rm  o f  a f a l l  i n  
n u c l e a r  a c t i v i t y  accom panied  by  a  r i s e  i n  c y to p la s m ic  
a c t i v i t y .
One a s p e c t  o f  t h e  p ro b lem  w h ic h  was n o t  c o v e re d  by th e  
e x p e r im e n ts  o f  S t e r n  e t  a l .  (1952) i s  th e  q u e s t io n  o f  w h e th e r  
t h e  n u c le u s  c o n ta in s  any  m echanism  f o r  o b t a i n i n g  e n e rg y .
S t e r n  & M irsky  (1952) have  r e c e n t l y  e x am in e d  th e  n u c l e i  o f  
w heat germ ( i s o l a t e d  by t h e  method o f  A l l f r e y  e t  a l . ,  1952) 
from  t h i s  p o i n t  o f  v ie w . T h e i r  r e s u l t s  i n d i c a t e  t h a t ,  i n  
t h i s  t i s s u e  a t  l e a s t ,  th e  n u c l e i  p o s s e s s  a  p o w e r fu l  g l y c o l y t i c  
m echanism . T h is ,  o f  c o u r s e ,  i s  i n  ag reem en t w i t h  t h e  r e ­
s u l t s  o f  Dounce d e s c r i b e d  a b o v e .  An a l t e r n a t i v e  t h e o r y  
has  b e en  p u t  f o rw a rd  by Lang & S e i b e r t  (1 9 5 1 ) .  These 
w o rk e rs  have  fo u n d  t h a t  i n  t h e  n u c l e i  o f  l i v e r  and k id n e y  
i s o l a t e d  i n  s u c r o s e  s o l u t i o n ,  l a c t i c  a c i d  p r o d u c t i o n  i s  
slow and a d e n o s in e  t r i p h o s p h a t a s e  a c t i v i t y  i s  r e l a t i v e l y  
h ig h .  They a r e  o f  the  o p in io n ,  t h e r e f o r e ,  t h a t  th e  c h i e f  
so u rc e  o f  en e rg y  i n  t h e  n u c le u s  i s  n o t  g l y c o l y s i s  b u t  t h e  
breakdown o f  a d e n o s in e  t r i p h o s p h a t e  d e r i v e d  p re su m a b ly  from  
th e  c y to p la s m . The t h i r d  p o s s i b i l i t y ,  t h a t  th e  n u c le u s  
m igh t d e r i v e  some e n e rg y  from  o x i d a t i v e  m e ta b o l i s m ,  i s  n o t  
s u p p o r te d  b y  th e  work o f  e i t h e r  Dounce o r  S t e r n .  I t  c a n ­
n o t ,  h o w e v e r ,  be e n t i r e l y  ig n o r e d  i n  view o f  t h e  r e p o r t s ,  
c i t e d  a b o v e ,  t h a t  t h e  I s o l a t e d  a v ia n  e r y t h r o c y t e  n u c le u s  h a s  
a  m e a s u ra b le  r e s p i r a t i o n  and  o f  Z i t t l e  & Z i t i n ’s (1 9 4 2 a  ) 
d e m o n s t r a t i o n  o f  cy loch rom e o x id a s e  i n  th e  i s o l a t e d  h ead s  
o f  b u l l  sperm .
1 .7  O th e r  c o n s t i t u e n t s  o f  th e  c e l l  n u c l e u s .
W hile  M A , h i s t o n e  and  th e  n o n - h i s t o n e  p r o t e i n s  a r e  
q u a n t i t a t i v e l y  th e  m o st im p o r ta n t  c o n s t i t u e n t s  o f  t h e  n u c le u s
47 .
th e  p r e s e n c e  o f  a  number o f  o t h e r  components h a s  a l s o  been  
d e m o n s t r a te d .  RNA, th e  o c c u r re n c e  o f  w h ich  was f i r s t  s u s ­
p e c t e d  on h i s t o c h e m i c a l  g ro u n d s ,  h a s  b een  r e p e a t e d l y  fo u n d  
i n  i s o l a t e d  n u c l e i  ( B r a c h e t ,  1940a ; D avidson  & Waymouth,
1944; B e r g s t r a n d ,  E l i a s s o n ,  Hammarsten, M orberg , R e ic h a rd  
& von U b is c h ,  1948; V e n d re ly  5c V e n d r e ly ,  1948; Dounce e t  
a l . ,  1949; V i l l e l a ,  1949; Barnum e t  a l . , 1950; M arshak , 
1951; A l l f r e y  e t  a l . ,  1952; MeIndoe & D av idso n , 1952; 
M a u r i tz e n ,  Roy Sc Stedm an, 1 9 5 2 ) .  RHA h as  a l s o  been  fo u n d  
in  i s o l a t e d  chromosomes (M irsky  Sc R i s ,  1947; Pe te rm ann  Sc 
Mason, 1 9 4 8 ) .  The d i f f e r e n c e s  i n  c o m p o s i t io n  be tw een  
n u c l e a r  and  c y to p la s m ic  RNA have a l r e a d y  been  d i s c u s s e d  
(see  S e c t io n  1 .2  a b o v e ) .
The m in e r a l  c o n te n t  o f  n u c l e i  i s o l a t e d  by  th e  B ehrens  
te c h n iq u e  h a s  been  s t u d i e d  by G u l ic k  (W il l ia m so n  Sc G u l i c k ,  
1942; G u l i c k ,  1 9 4 6 ) .  The r e s u l t s  w hich  he h as  o b t a i n e d  a r e  
shown i n  T a b le  14 . The h ig h  c a lc iu m  c o n t e n t  i s  o f i n t e r e s t  
p a r t i c u l a r l y  i n  c o n n e c t i o n  w i th  B a r to n ’ s (1951) o b s e r v a t i o n  
t h a t , a s  t h e  "DNA o f  th e  n u c le u s  i s  h y d r o ly s e d  by d e o x y r ib o ­
n u c l e a s e ,  c a lc iu m  i s  l i b e r a t e d  in  s t o i c h i o m e t r i c  am oun ts .  
Dounce & B eyer (1948) have e s t i m a t e d  th e  m in e r a l  c o n te n t  o f  
n u c l e i  i s o l a t e d  from  r a t  l i v e r  I n  aq ueous  c i t r i c  a c i d  a t  
pH 6 . U n f o r t u n a t e l y ,  s i n c e  t h i s  i s o l a t i o n  p ro c e d u re  m ust 
be e x p e c te d  t o  w ash  o u t  any  f r e e  m e t a l l i c  i o n s  from  t h e
Table 14 .
C alc ium  and  magnesium c o n te n t  o f  n u c l e i  i s o l a t e d  
by  th e  m ethod o f  B ehrens  (1 9 3 2 ) .
C alc ium
C a lf  thymus n u c l e i  1 .3  -  1 .4  
Human t o n s i l  n u c l e i  1 .2 5
N u c le i  f ro m  b o v in e
\
supermammary 1 .4 1
lymph node
g . p e r  1 0 0  g .  d ry  w e ig h t  
o f  n u c l e i  
Magnesium 
0 .0 7  -  0 .1
0 .0 7
0 .0 6
fro m  W ill ia m so n  & G u lic k  (1942) 
and G u l ic k  (1 9 4 6 ) .
Table 15.
M e ta ls  p r e s e n t  i n  n u c l e i  i s o l a t e d  a t  pH 6 by th e  
m ethod o f  Dounce (1 9 4 3 a ) .
E lem en t mg. p e r  100 g .  d ry
w e ig h t  o f  n u c l e i .
Cu 25
A l 17
F© 11
Mg 7
Mn 1 .4
Zn 1 .2
Ca 0 .2 3
from  Dounce & B eyer  (1 9 4 8 ) ,
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n u c l e i  th e  i n t e r p r e t a t i o n  o f  t h e i r  r e s u l t s  (shown in  Table 
15) i s  a  m a t t e r  o f  some d i f f i c u l t y .
The o c c u r re n c e  of l i p i d s ,  i n c l u d i n g  c h o l e s t e r o l  and 
p h o s p h o l i p i d s ^ i n  t h e  c e l l  n u c le u s  was f i r s t  e s t a b l i s h e d  
f o r  m usc le  and  tum our n u c l e i  by  S to n e b u rg  (1 9 3 9 ) .  L ip id s  
have s u b s e q u e n t ly  b e en  d e m o n s tr a te d  i n  n u c l e i  i s o l a t e d  from  
r a t  c a rc in o s a rc o m a  (Haven oc Levy, 1 9 4 2 ) ,  r a t  l i v e r  (Dounce, 
1 9 4 3 b ) ,  fo w l  e r y t h r o c y t e s  (Dounce & Lan, 1 9 4 3 ) ,  snake  
e r y t h r o c y t e s  ( V i l l e l s . , 1947) and human c e r e b r a l  c o r t e x  
( T y r r e l  & R i c h t e r ,  1 9 5 1 ) .  The m ost s y s te m a t i c  i n v e s t i g a t i o n  
o f  t h e  n u c l e a r  l i p i d s  y e t  u n d e r t a k e n  i s  t h a t  c a r r i e d  o u t  by 
W i l l i a m s ,  K a u ch e r ,  R ic h a r d s ,  Moyer & S h a r p l e s s  (1 9 4 5 ) .
These a u t h o r s  fo u n d  t h a t  n u c l e i  i s o l a t e d  i n  aqueous c i t r i c  
a c i d  a t  pH 6 from  norm al dog l i v e r ,  n o rm al r a t  l i v e r  and 
c a n c e ro u s  r a t  l i v e r  a l l  c o n ta in e d  a b o u t  4 -  by w e ig h t  
o f  n e u t r a l  f a t ,  2 -  o f  c e p h a l i n ,  4 -  9% o f  l e c i t h i n ,  
a b o u t  0.5;a o f  s p h in g o m y e l in ,  a b o u t  1% o f  c h o l e s t e r o l  e s t e r s ,  
and s m a l l e r  v a r i a b l e  am ounts o f  c e r e b r o s i d e  and f r e e  
c h o l e s t e r o l .  In  e a c h  c a s e  t h e  t o t a l  l i p i d  c o n te n t  was 
14 -  18^5 o f  #iic>h r o u g h ly  t w o - t h i r d s  was p h o s p h o l ip id .
The p r e s e n c e  o f  c e r t a i n  o f  th e  B v i ta m in s  in  th e  
n u c le u s  was d e m o n s tra te d  by I s b e l l ,  M i t c h e l l ,  T a y lo r  & 
W il l ia m s  (1942) who found  th i a m in e ,  r i b o f l a v i n ,  n i c o t i n i c  
a c i d ,  p y r i a o x i n e ,  p a n t o t h e n i c  a c i d ,  b i o t i n ,  i n o s i t o l  and
f o l i c  a c i d  i n  n u c l e i  i s o l a t e d  by th e  B ehrens te c h n iq u e  
from  b e e f  h e a r t  m uscle  and from a mouse tum our. The c o n ­
c e n t r a t i o n s  o f  t h e s e  v i t a m in s  i n  th e  n u c l e i  w ere  com parab le  
w i t h  t h o s e  fo un d  i n  th e  c o r r e s p o n d in g  whole t i s s u e .
V i l l e l a  (1947) h a s  a l s o  fo u n d  m e a su ra b le  c o n c e n t r a t i o n s  o f  
th ia m in e  and p y r id o x in e  i n  i s o l a t e d  snake  e r y t h r o c y t e  n u c l e i .
1 . 8  C y to ch em ica l  m eth ods .
W hile  a  g r e a t  d e a l  o f v a lu a b le  i n f o r m a t io n  h a s  b e en  
o b t a i n e d  by a n a l y s i s  o f  i s o l a t e d  n u c l e i  t h i s  m ethod c a n  
o b v io u s ly  g i v e  no i n d i c a t i o n  o f  t h e  l o c a l i z a t i o n  o f  t h e  
n u c l e a r  com ponents w i t h i n  th e  n u c le u s .  To some e x t e n t  
t h i s  d e f i c i e n c y  may be re m e d ie d  by a n a l y s i s  o f  i s o l a t e d  
c h ro m a tin  t h r e a d s  b u t  i t  m ust a lw ays be remembered (a )  t h a t  
th e  i d e n t i f i c a t i o n  o f  th e s e  a s  i s o l a t e d  i n t e r p h a s e  chromo­
somes i s  s t i l l  a m a t t e r  o f  c o n t r o v e r s y  (Lamb, 1949 , 1950;
R is  & M irsk y , 1949 , 1951; R is ,  1951; M irsk y , 1951; P o l l i ,  
1952) and  (b) assum ing  t h a t  th ey  a r e  i s o l a t e d  chrom osomes, 
t h e  d e g re e  t o  which th ey  a re  c o n ta m in a te d  w i th  non-chrom o- 
som al m a t e r i a l  ( e . g . ,  n u c l e o l i  a n d  s h re d s  o f  n u c l e a r  membrane) 
has  n o t  y e t  been  c l e a r l y  e s t a b l i s h e d .  F o r t u n a t e l y , methods
have b een  d e v is e d  w hereby p r o t e i n s  and n u c l e i c  a c i d s  may be 
i d e n t i f i e d  i n  a  h i s t o l o g i c a l  t i s s u e  s e c t i o n  e i t h e r  by t h e i r  
a b s o r p t i o n  o f  u l t r a v i o l e t  l i g h t  o r  by t h e i r  s t a i n i n g  r e ­
a c t i o n s  .
The f i r s t  m ic ro sc o p e  w i th  q u a r t z  l e n s e s  s u i t a b l e  f o r  
u s e  i n  t h e  u l t r a v i o l e t  was t h a t  d e s ig n e d  by  K oh le r  (1 9 0 4 ) .  
T h is  in s t r u m e n t  w as, h ow ev er ,  v a lu e d  c h i e f l y  b e ca u se  th e  
s h o r t e r  w a v e le n g th  o f  u l t r a v i o l e t  r a d i a t i o n  gave  i t  a  
h i g h e r  r e s o l v i n g  power th a n  o r d in a r y  m ic ro sc o p e s  w ork ing  
i n  v i s i b l e  l i g h t ,  and  b e c a u se  th e  v a r i o u s  s t r u c t u r e s  o f  th e  
c e l l  c o u ld  be d i s t i n g u i s h e d  by th e  d i f f e r e n t  d e g re e s  to  
w h ich  t h e y  a b so rb e d  u l t r a v i o l e t ,  t h u s  o b v i a t i n g  th e  n e c e s s i t y  
f o r  s t a i n i n g  and  th e  a t t e n d a n t  d a n g e r  o f  s t a i n i n g  a r t e f a c t s .  
K o h le r  (1904) u se d  i t  t o  p h o to g ra p h  chromosomes, and many 
y e a r s  l a t e r  Lucas & S t a r k  (1931) and W yckoff, E b e l in g  &
Ter Louw (1932) employed i t  i n  s t u d i e s  o f  m i t o s i s ,  th e  
l a t t e r  g ro u p  o f  w o rk e rs  re m a rk in g  on th e  s i m i l a r i t y  b e tw een  
p h o to m ic ro g ra p h s  o f  u n s t a i n e d  m i t o t i c  f i g u r e s  t a k e n  a t  a  
w a v e le n g th  o f  275 mji. and p h o to g ra p h s  in  v i s i b l e  l i g h t  o f  
th e  same o b j e c t s  a f t e r  F e u lg e n  s t a i n i n g .  I t  was l e f t ,  how­
e v e r ,  t o  C a sp e rs so n  (1936) t o  d e m o n s tr a te  t h a t  i t  was 
p o s s i b l e  t o  i d e n t i f y  p r o t e i n s  and n u c l e i c  a c id s  i n  t i s s u e  
s e c t i o n s  by  t h e i r  c h a r a c t e r i s t i c  u l t r a v i o l e t  a b s o r p t io n  
s p e c t r a  and t h a t  a t  260 wjjl. t h e  a b s o r p t io n  o f  the  n u c l e i c  
a c i d s  was so g r e a t  a s  t o  c o m p le te ly  dom inate  t h a t  o f  th e  
p r o t e i n s .  ( I t  i s  a  c u r io u s  f a c t  t h a t  t h e  v e ry  h i g h  u l t r a ­
v i o l e t  a b s o r p t i o n  o f  th e  n u c l e i c  a c id s  had b een  o b se rv e d  
in  v i t r o  by Dhere i n  1906 o n ly  two y e a r s  a f t e r  K o h le r 1s 
d e s c r i p t i o n  o f  h i s  q u a r t z  m ic ro sc o p e .  T h is  o b s e r v a t io n
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seems to  have  been  c o m p le te ly  f o r g o t t e n  u n t i l  1931 when 
i t  was co n firm ed  by H ey ro th  & L oofbourow .)
I t  would be  q u i t e  im p o s s ib le  t o  a t t e m p t  t o  summarise 
h e r e  C a s p e rs s o n ’ s monumental work on th e  r e l a t i o n s  be tw een  
n u c l e i c  a c i d  and p r o t e i n ,  p a r t i c u l a r l y  a s  i t  was d i r e c t e d  
to w a rd s  RNA and th e  c y to p la s m  r a t h e r  t h a n  IMA and th e  
n u c le u s  (C a s p e rs s o n ,  1947, 1950; C asp e rsso n  & S c h u l t z ,  
1939 , 1940; C a s p e rs s o n ,  Nystrom  & S a n te s s o n ,  1941;
C a s p e rs s o n ,  L ands trom  & A q u i lo n iu s ,  1941; Hyden, 1943, 
1 9 4 7 ) .  Some o f  h i s  r e s u l t s  a r e ,  h ow ever, h i g h l y  r e l e v a n t  
t o  any  s tu d y  o f  the  c e l l  n u c le u s .  They a r e  a s  f o l l o w s :
( 1 ) The u l t r a v i o l e t  a b s o r p t i o n  spec tru m  o f  a  m e ta ­
p h ase  chromosome i s  v e ry  s i m i l a r  t o  t h a t  o f  p u r i f i e d  
n u c l e i c  a c i d .  The same i s  t r u e  o f  t h e  d a rk  bands  i n  
t h e  g i a n t  i n t e r p h a s e  chromosomes o f  D r o s o p h i la  s a l i v a r y  
g la n d s  (C a s p e rs s o n ,  1 9 3 6 ) .  These o b s e r v a t i o n s ,  w h ic h  
im p ly  t h a t  t h e  n u c l e i c  a c i d  o f  t h e  n u c le u s  i s  l o c a l i s e d  
on th e  chromosomes h av e  b een  r e p e a t e d l y  co n firm ed  
(C a s p e r s s o n ,  1939 , 1940 , 1950; C a sp e rs so n  & S c h u l t z ,  
1 9 3 8 ) .
(2 ) The n u c l e o l i  a l s o  have  an  a b s o r p t io n  spec tru m  
i n d i c a t i v e  o f  th e  p re s e n c e  o f  n u c l e i c  a c i d  b u t  s i n c e ,  
u n l i k e  th e  chrom osom es, th ey  do n o t  g iv e  a  p o s i t i v e  
F e u lg e n  r e a c t i o n  th e y  a r e  th o u g h t  t o  c o n t a i n  RNA
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r a t h e r  t h a n  DNA (C a sp e rs so n  & S c h u l t z ,  1940; C a s p e rs s o n ,  
1941, 1 9 5 0 ) .
(3) The a b s o r p t io n  s p e c t r a  o f  n u c l e o l i  and  chromo­
somes i n d i c a t e  t h a t  b o th  c o n t a i n  p r o t e i n s  a s  w e l l  as 
n u c l e i c  a c id s  (C a s p e r s s o n ,  1941 , 1947, 1 9 5 0 ) .
The a p p a r a tu s  u s e d  by C a sp e rsso n  and h i s  a s s o c i a t e s  
t o  o b t a i n  t h e s e  r e s u l t s  i s  e x t r e m e ly  com plex  an d  e x p e n s iv e  
(C a s p e rs s o n ,  19 3 6 , 1940, 1947, 1950; T h o r e l l ,  1947; 
C a sp e rs so n  & S c h u l t z ,  1 9 5 1 ) .  F o r t u n a t e l y ,  i t  h a s  been  
p o s s i b l e  t o  c o n f i rm  and e x te n d  many o f  t h e i r  f i n d i n g s  by 
s im p le r  m e th o d s .  B ra c h e t  (1 9 40a , b ,  1942) h a s  shown t h a t  
a f t e r  a  t i s s u e  s e c t i o n  i s  t r e a t e d  w i t h  a  s o l u t i o n  o f  r i b o -  
n u c le a s e  (w hich i s  known t o  c a t a l y s e  t h e  h y d r o l y s i s  o f  
p u r i f i e d  RNA) th e  n u c l e o l i  no lo n g e r  s t a i n  w i th  p y r o n in ,  
th u s  c o n f i rm in g  t h a t  th e y  c o n ta in  RNA. In  agreem ent w i th  
t h i s  o b s e r v a t i o n ,  D avidson  & Waymouth (1946) fo u n d  t h a t  
r i b o n u c l e a s e  t r e a t m e n t  a l s o  d e c re a s e d  th e  u l t r a v i o l e t  
a b s o r p t i o n  o f  t h e  n u c l e o l u s .  The o c c u r re n c e  of b o t h  DNA 
and p r o t e i n  i n  D r o s o p h i la  s a l i v a r y  g la n d  chromosomes was 
c o n f i im e d  when M azia & J a e g e r  (1939) showed t h a t  t r e a tm e n t  
w i t h  a c ru d e  n u c l e a s e  p r e p a r a t i o n  re d u c e d  t h e i r  F e u lg e n  
s t a i n a b i l i t y  w h i le  l e a v i n g  a r e s i d u e  w hich  s t a i n e d  w i th  
n i n h y d r i n .  C a sp e rs so n  (1936) had  p r e v i o u s ly  shown t h a t  
t r e a t m e n t  w i t h  t r y p s i n  c a u se d  co m p le te  d i s i n t e g r a t i o n  o f
t h e  chromosomes. P e p s i n ,  on th e  o t h e r  h a n d ,  c a u se d  marked 
s h r in k a g e  h u t  no l o s s  o f  c o n t i n u i t y  o r  r e d u c t i o n  o f  F e u lg e n  
s t a i n a b i l i t y  (F r o lo v a ,  1944; M azia , H a y ash i  & Y udow itch , 
1 9 4 7 ) .  These o b s e r v a t i o n s  have s in c e  been  c o n firm ed  by 
Kaufman, Gay Sc McDonald (1 9 5 0 ) .  S in c e  Mazia e t  a l .  (1947) 
f i n d  t h a t  p e p s i n ,  u n l i k e  t r y p s i n , d o e s  n o t  d i g e s t  h i s t o n e  
o r  n u c le o h i s to n e  i n  v i t r o  th e y  s u g g e s t  t h a t  th e  sh r in k a g e  
c a u se d  by p e p s in  t r e a tm e n t  i s  due t o  rem ova l o f  t h e  n o n ­
h i s t o n e  p r o t e i n  from  th e  c h ro m o so m e ,leav in g  h i s t o n e ,  w hich  
m a in t a in s  th e  c o n t i n u i t y  o f  th e  f i b r e .  D e s t r u c t i o n  o f  
t h i s  c o n t i n u i t y  and  c o n se q u e n t  d i s i n t e g r a t i o n  o f  t h e  chromo­
some a r e  p ro d u ce d  by t r y p s in ^ p r e s u m a b ly  b e c a u se  i t  rem oves 
b o t h  p r o t e i n s .  I t  h a s  a l s o  been  s u g g e s te d  t h a t  th e  chrom o­
somes may c o n t a i n  RNA, t h e  e v id e n c e  f o r  t h i s  b e in g  t h a t  
t h e i r  s t a i n i n g  r e a c t i o n s  ch ange  s l i g h t l y  a f t e r t r e a t m e n t  
w i th  r i b o n u c l e a s e  ( B r a c h e t ,  1940b, 1942; Kaufman, 1949; 
Kaufman, McDonald & Gay, 1948; Kaufman, Gay & McDonald, 
1950 , 1951 ; see  a l s o  S e r r a ,  1 9 4 7 ) .
No d i s c u s s i o n  o f  c y to c h e m ic a l  m ethods would be c om- 
p l e t e  w i th o u t  some r e f e r e n c e  to  th e  method d e v is e d  by Gomori 
(1939) f o r  t h e  l o c a l i z a t i o n  o f  p h o sp h a ta s e  a c t i v i t y  in  
t i s s u e  s e c t i o n s .  The u s u a l  p ro c e d u re  i s  to  I n c u b a te  th e  
s e c t i o n  i n  a s o l u t i o n  c o n ta in i n g  s u b s t r a t e  ( u s u a l ly  
g ly c e r o p h o s p h a te )  and c a lc iu m  i o n s .  P h o sph a te  io n s  
l i b e r a t e d  fro m  th e  s u b s t r a t e  a t  th e  s i t e  o f  enzyme a c t i v i t y
a r e  t h e o r e t i c a l l y  p r e c i p i t a t e d  i n  s i t u  a s  c a lc iu m  p h o s p h a te .  
By a d d i t i o n  o f  c o b a l t  n i t r a t e  th e  p r e c i p i t a t e  i s  c o n v e r t e d  
t o  c o b a l t  p h o sp h a te  w h ich  i s  i n  t u r n  c o n v e r te d  to  c o b a l t  
s u l p h i d e ,  which i s  i n  an  i n t e n s e l y  b l a c k  s u b s ta n c e  and 
may e a s i l y  be o b se rv e d  m i c r o s c o p i c a l l y .  U s in g  t h i s  method 
W illm er (1942) and  W achste in  (1945) r e p o r t e d  t h a t  p h o s p h a t ­
a se  was p r e s e n t  i n  h ig h  c o n c e n t r a t i o n  i n  th e  chrom osomes. 
D a n i e l l i  8c C a tc h e s id e  (1945) went f u r t h e r  and  c la im e d  t h a t  
in  th e  s a l i v a r y  g la n d  chromosomes o f  D ro s o p h i la  p h o s p h a ta s e  
a c t i v i t y  was l o c a l i z e d  i n  th e  F e u l g e n - p o s i t i v e  b a n d s .
F u r t h e r  i n t e r e s t  was a ro u s e d  when i n  1948 B ra c h e t  & J e e n e r  
s u g g e s te d ,  on th e  b a s i s  o f  s i m i l a r  e x p e r im e n t s ,  t h a t  
p h o s p h a ta s e  a c t i v i t y  m igh t be c l o s e l y  r e l a t e d  t o  MA m eta ­
b o l i s m  (se e  a l s o  B r a c h e t ,  1 9 4 7 ) .  U n f o r t u n a t e l y ,  i t  was 
shown s h o r t l y  a f t e r w a r d s  t h a t ,  a s  a m ethod o f  l o c a t i n g  
p h o s p h a ta s e  a c t i v i t y  w i t h i n  th e  c e l l , th e  G-omori te c h n iq u e  
may be h i g h l y  m i s l e a d i n g  (M a r t in  & Ja c o b y ,  1949; P a l l a d e ,  
1951; N o v ik o f f ,  1951 , 1952; G-omori, 1 9 5 1 ) .  A p p a r e n t ly ,  
t h e  c a lc iu m  p h o sp h a te  form ed i n  th e  c o u rs e  o f  t h e  t e s t  i s  
f a i r l y  d i f f u s i b l e  and i s  s e l e c t i v e l y  a d s o rb e d  by th e  chromo­
som es. The whole e p is o d e  i s  a s t r i k i n g  i l l u s t r a t i o n  o f  th e  
d a n g e rs  o f  p l a c i n g  to o  much r e l i a n c e  on  c y to c h e m ic a l  r e s u l t s  
u n s u p p o r te d  by c o n f i r m a to r y  e v id e n c e  from  o th e r  s o u r c e s .
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1 .9  I s o to p e  e x p e r im e n ts  on n u c l e i c  a c i d s .
The i n v e s t i g a t i o n s  d e s c r i b e d  above have y i e l d e d  a 
c o n s i d e r a b l e  amount o f  i n f o r m a t io n  a b o u t  th e  c h em ic a l  
n a t u r e  o f  th e  n u c l e u s .  The p i c t u r e  w hich  th e y  p r e s e n t ,  
how ever, i s  e s s e n t i a l l y  s t a t i c .  Even th e  enzyme e x p e r i ­
m ents  i n d i c a t e  o n ly  what r e a c t i o n s  may ta k e  p la c e  i n  th e  
n u c l e u s ,  n o t  w hat r e a c t i o n s  do ta k e  p la c e  o r  i n t o  what 
sy s te m s  t h e s e  r e a c t i o n s  a re  o r g a n i s e d .  I t  i s ,  o f  c o u r s e ,  
p o s s i b l e  t o  i n t e r p r e t  f e a t u r e s  o f  t h i s  s t a t i c  p i c t u r e  a s  
e v id e n c e  f o r  t h e  e x i s t e n c e  o f  some dynamic p r o c e s s .  C as­
p e r s  son (1947 , 1950) h as  a rg u e d  from  t h e  o c c u r r e n c e  o f  
g r a d i e n t s  i n  t h e  c o n c e n t r a t i o n  o f  p r o t e i n  from  th e  n u c le o lu s  
t o  t h e  n u c l e a r  membrane, and i n  th e  c o n c e n t r a t i o n  o f  n u c l e o ­
t i d e s  f rom  th e  n u c l e a r  membrane o u tw ard s  i n t o  t h e  c y t o ­
p lasm  t h a t  p r o t e i n  s y n th e s i z e d  by  t h e  n u c l e o l u s - a s s o c i a t e d  
c h ro m a tin  d i f f u s e s  from  th e  n u c le o lu s  to  th e  n u c l e a r  mem­
b r a n e ,  on  th e  o u t s i d e  o f  w hich  r i b o s e  n u c l e o t i d e s  ( i n c l u d ­
in g  p re su m ab ly  RNA) a r e  p ro d u c e d ,  and In  t u r n  d i f f u s e  o u t  
i n t o  t h e  c y to p la s m  (C a s p e rs s o n ,  1959, 1941; Hyden, 1943).
In  a somewhat s i m i l a r  f a s h i o n  Stedman & Stedman (1943b) 
have  s u g g e s te d  t h a t  s in c e  n u c l e i  o f  tum our and  embryonic 
t i s s u e  h av e  a  much lo w er  c o n te n t  o f  h i s t o n e  th a n  thymus and 
e r y t h r o c y t e  n u c l e i  h i s t o n e s  p ro b a b ly  a c t  a s  i n h i b i t o r s  o f  
m i t o s i s .  O b v io u s ly ,  i n  th e  a b se n c e  o f  s u p p o r t in g  e v id e n c e  
t h e o r i e s  such  a s  th e s e  m ust be  r e g a rd e d  w i th  c o n s id e r a b le  
r e s e r v e .
The m ost im p o r ta n t  e x p e r im e n ts  on th e  a c t u a l  m e ta ­
b o l i s m  o f  t h e  n u c le u s  have  b e en  i s o t o p i c  s t u d i e s  on th e  
r a t e s  o f  s y n t h e s i s  and  breakdown o f  th e  n u c l e i c  a c i d s  in  
a n im a l  t i s s u e s .  In  th e  e a r l i e s t  o f  t h e s e  I n v e s t i g a t i o n s  
i t  was shown t h a t  th e  i n c o r p o r a t i o n  o f  r a d i o a c t i v e  p h o s ­
p h o ru s  i n t o  ENA was g e n e r a l l y  v e ry  slow (Hahn cc H evesy ,
1940; H evesy  & O t t e s e n ,  1943; A h ls t ro m , E u le r  & H evesy ,
1 9 4 5 ) .  The m ost a c t i v e  i n c o r p o r a t i o n  o f  ph o sp h o ru s  i n t o  
DNA was fo u n d  in  i n t e s t i n a l  m ucosa , a  t i s s u e  i n  w hich  i t  
i s  w e l l  known t h a t  t h e  i n d i v i d u a l  c e l l s  have  o n ly  a  s h o r t  
l i f e - s p a n  and  a re  c o n t i n u a l l y  b e in g  r e p l a c e d  (Hevesy & 
O t t e s e n ,  1 9 4 3 ) .  I n c o r p o r a t i o n  was a l s o  h i g h e r  in  t h e  
t i s s u e s  o f  embryos and  young , g row ing  a n im a l s ,  in  w h ich  
m i to s e s  a r e  p re su m ab ly  f r e q u e n t ,  th a n  In  a d u l t  t i s s u e s ,  i n  
w h ich  p resu m ab ly  t h e y  a r e  r a r e  (A h ls tro m , E u le r  & H evesy , 
1944; A n d re a s se n  8c O t te s e n ,  1945; D av idson , 1 9 4 7 ) .  
F o l lo w in g  p a r t i a l  h e p a tec to m y  In  th e  r a t  th e  r e m a in in g  f r a g ­
ment o f  l i v e r  u n d e rg o e s  a re m a rk a b ly  r a p i d  h y p e r p l a s i a ;  
w h i le  t h i s  c o n t in u e s  t h e  i n c o r p o r a t i o n  o f  ph o sp h o ru s  i n t o  
t h e  l i v e r  33TA i s  i n c r e a s e d  m ark ed ly  above th e  no rm al r e s t ­
in g  l e v e l .  The I3ETA ph o sp h o ru s  t u r n o v e r  i n  hep ato m a , 
a n o th e r  r a p i d l y  g row ing  t i s s u e ,  i s  a l s o  h ig h e r  th a n  i n  
no rm al l i v e r  (B ru es ,  T racy  & Cohn, 1 9 4 4 ) ,  I r r a d i a t i o n  
w i th  X - r a y s ,  a t r e a tm e n t  known to  have an i n j u r i o u s  e f f e c t  
on th e  chromosomes (L ea , 1 9 4 6 ) ,  d e c r e a s e s  th e  i n c o r p o r a t i o n
o f  p h o sp h o ru s  i n t o  ENA (A h ls tro m , E u le r  8c H evesy , 1945; 
H evesy , 1 9 4 8 ) .
Somewhat s i m i l a r  r e s u l t s  were o b ta in e d  u s i n g  th e  
heavy  i s o to p e  o f  n i t r o g e n .  Davidson 8c Raymond (1947) 
fo u n d  o n ly  s l i g h t  i n c o r p o r a t i o n  o f  f s o t o p i c a l l y  l a b e l l e d  
ammonia i n t o  th e  DMA o f  p ig e o n  l i v e r .  In  th e  r a t ,  l a b e l l e d
ad e n in e  i s  i n c o r p o r a t e d  more s lo w ly  I n t o  th e  p u r i n e s  o f
IMA th a n  i n t o  t h o s e  o f  RwA (Brown, P e te rm ann  8c F u r s t ,  1 9 4 3 ) .  
I n c o r p o r a t i o n  o f  l a b e l l e d  g l y c i n e  i n t o  t h e  p u r i n e s  o f  DMA 
i s  more r a p i d  i n  l i v e r  r e g e n e r a t i n g  a f t e r  p a r t i a l  h e p a -  
tec to m y  th a n  i n  n o rm al l i v e r  (B e rg s t r a n d  e t  a l . ,  1 9 4 8 ) .
I t  seems r e a s o n a b l e ,  t h e r e f o r e ,  t o  su p pose  t h a t  th e  r a t e  o f  
s y n t h e s i s  o f  ENA i n  a r e s t i n g  t i s s u e  i s  e x tre m e ly  low bu t 
t h a t  i t  i s  i n c r e a s e d  i n  t h o s e  t i s s u e s  i n  w h ic h  m i to s e s  a r e
f r e q u e n t .  T h is  i s ,  o f  c o u r s e ,  q u i t e  c o n s i s t e n t  w i th  i t s
l o c a l i z a t i o n  in  t h e  chromosomes.
In  g e n e r a l  th e  RNA o f  norm al a n im a l  t i s s u e s  which a r e  
n o t  g row ing  r a p i d l y  i s  m e t a b o l i c a l l y  much more a c t i v e  th a n  
th e  DNA i n  r e s p e c t  o f t u r n o v e r  o f  b o th  ph o sp h o ru s  (B ru e s ,  
T racy  8c Cohn, 1944; Hammarsten & H evesy , 1946; D av id so n , 
1947; R e ic h a r d ,  1949) and n i t r o g e n  (D av idson , 1947;
Brown, P e te rm ann  8c F u r s t ,  1948; B e r g s t r a n d  e t  a l . ,  1948; 
R e ic h a r d ,  1 9 4 9 ) .  The RNA o f  t h e  n u c le u s  a p p e a rs  t o  have  
a  more r a p i d  t u r n o v e r  'than th e  RNA o f  t h e  cy top lasm
58.
( B e rg s t r a n d  e t  a l . ,  1948; Marshak & C a lv e t ,  1949; Barnum 
& Huseby, 1950; J e e n e r  & S z a f a r z ,  1950; Mclndoe cc D av id ­
so n ,  1 9 5 2 ) .
1 .1 0  The b a c t e r i a l  t r a n s f o r m i n g  f a c t o r s .
A lth o u g h  th e  n u c l e i c  a c i d s  w ere  d i s c o v e r e d  more t h a n  
e i g h t y  y e a r s  ago and a l t h o u g h  t h e i r  p re s e n c e  h a s  s i n c e  
b e e n  d e m o n s t r a te d  in  a l l  t y p e s  o f  p l a n t  and  a n im a l  c e l l s  
i n v e s t i g a t e d  (D av idson , 1947, 1 9 5 0 ) ,  i n  b a c t e r i a  (V endre ly  
& L e h o u l t ,  1946 ; S ta c e y ,  1947; B e lo z e r s k y ,  1947; C har-  
g a f f ,  1947 ; Malmgren & Heden, 1947; V e n d re ly ,  1 9 5 0 ) ,  and 
i n  v i r u s e s  (Bawden oc P i r i e ,  1937, 1938; S t a n l e y ,  1940; 
K n ig h t ,  1947) i t  i s  o n ly  w i t h i n  t h e  l a s t  t e n  y e a r s  and i n  
a  l i m i t e d  number o f  c a s e s  t h a t  i t  h a s  b een  p o s s i b l e  to  show 
t h a t  a  p u r i f i e d  n u c l e i c  a c id  may have  a b i o l o g i c a l  a c t i v i t y  
i n  th e  same se n se  as p u r i f i e d  p e p s in  o r  p u r i f i e d  i n s u l i n .
The manner i n  which t h i s  b i o l o g i c a l  a c t i v i t y  was d i s c o v e r e d  
i s  o f  some i n t e r e s t .
One o f  th e  m ost c o n s id e r a b le  a ch iev e m e n ts  o f  th e  
s c ie n c e  o f  immunology h a s  b e en  th e  c l a s s i f i c a t i o n  o f  th e  
pneum ococci i n t o  a l a r g e  number o f  d i f f e r e n t  “t y p e s ” each 
c h a r a c t e r i s e d  by th e  p o s s e s s i o n  o f  a s p e c i f i c ,  s e r o l o g i c a l l y  
d i s t i n c t ,  c a p s u l a r  p o ly s a c c h a r id e  (Boyd, 1 9 4 7 ) .  In  1928 
G r i f f i t h  d e s c r i b e d  how n o n - e n c a p s u la t e d ,  n o n - v i r u l e n t  
pneum o co cc i,  c h a r a c t e r i s e d  by th e  rough  a p p ea ran ce  o f  t h e i r
c o l o n i e s  on s o l i d  m edia  and c a l l e d  t h e r e f o r e  ”R” fo rm s ,  
c o u ld  be  o b t a in e d  from  th e  c a p s u l a t e d ,  v i r u l e n t ,  smooth 
c o lo n y ,  o r  ”S" s t r a i n s  by  c u l t u r i n g  on c h o c o la te  b lo o d  
a g a r  o r  in  th e  hom ologous immune serum . T h is  change was 
accom panied  by l o s s  o f  t h e  s e r o l o g i c a l  ty p e  c h a r a c t e r .
I f  a  l i v i n g  c u l t u r e  o f  an  R s t r a i n  was i n o c u l a t e d  i n t o  
m ice t o g e t h e r  w i th  a k i l l e d  c u l t u r e  o f  th e  S s t r a i n  o f  th e  
same ty p e  th e  l i v i n g  pneum ococci w h ich  were r e c o v e r e d  from  
th e  b o d ie s  o f  m ice  w h ich  succumbed t o  pneumonia were o f
t h e  S s t r a i n .  T h is  R  8 c o n v e r s io n  c o u ld  a l s o  be
p ro d u c e d  u s in g  a  k i l l e d  S c u l t u r e  o f  a d i f f e r e n t  type b u t  
i n  t h i s  c a s e  th e  l i v i n g  o rg an ism s  r e c o v e r e d  b e lo n g e d ,n o t  
t o  t h e  ty p e  from  w hich  th e  R s t r a i n  had  b een  o r i g i n a l l y  
d e r i v e d , b u t  t o  th e  same ty p e  a s  t h e  k i l l e d  S c u l t u r e .
F o r  exam ple t h e  R s t r a i n  (R I) d e r i v e d  from  th e  smooth ty p e  
I (SI) s t r a i n  would r e v e r t  t o  31 I f  i t  was i n o c u l a t e d  with 
a  k i l l e d  SI c u l t u r e ;  if , on the other hand, I t  was 
i n o c u l a t e d  w i t h  a killed SIX culture It w ould  be converted 
t o  S I I .  In t h i s  way any ty p e  of pneumococcus could be 
“ t r a n s f o r m e d ” i n t o  a n y  other ty p e  by  i n o c u l a t i n g  th e  R 
v a r i a n t  o f  th e  f i r s t  type and th e  killed S v a r i a n t  o f  the 
seco n d  ty p e  s im u l t a n e o u s ly  I n t o  a  mouse.
G r i f f i t h *  s  o b s e r v a t i o n s  were c o n f irm e d  by Dawson. 
(1930) who a l s o  showed that the organisms produced as a 
result o f  such a t r a n s f o r m a t i o n  possessed all the
c h a r a c t e r i s t i c s  o f  n o rm al o rgan ism s o f  t h e  same ty p e  and 
t h a t ,  when s u b c u l tu r e d ,  th e y  m a in ta in e d  t h i s  c h a r a c t e r  w i th ­
o u t  any te n d e n c y  to  r e v e r t  to  th e  ty p e  from  which th e y  were 
o r i g i n a l l y  d e r i v e d .  In  1931 Dawson Sc S ia  su cceed ed  f o r  
t h e  f i r s t  t im e  in  p ro d u c in g  t r a n s f o r m a t i o n  in  v i t r o  by 
g row ing  R c e l l s  i n  a f l u i d  medium c o n ta in i n g  t h e  homologous 
a n t i s e r u m  and  in  p re s e n c e  of h e a t - k i l l e d  S c e l l s .  As in  
G r i f f i t h ’ s in  v iv o  e x p e r im e n ts ,  th e  g row ing R c u l t u r e  was 
t r a n s fo r m e d  to  th e  S ty p e  o f  th e  k i l l e d  c e l l s .  In  th e  
same y e a r  Dawson Sc Y/arbasse (1931) r e p o r t e d  d i r e c t  t r a n s ­
f o rm a t io n  o f  ty p e  S I I  t o  ty p e  S I I I , u s i n g  a  k i l l e d  c u l t u r e  
o f  S I I I  b u t  w i th o u t  g o in g  th ro u g h  th e  i n t e r m e d i a t e  R fo rm .
A f u r t h e r  advance  was made when A llow ay (1932) e l i m in a t e d  
th e  h e a t - k i l l e d  S c e l l s  and p ro d u ced  s p e c i f i c  t r a n s f o r m a ­
t i o n  o f  R c u l t u r e s  u s in g  c ru d e  c e l l - f r e e  e x t r a c t s  o f  th e  
a p p r o p r i a t e  S s t r a i n .  In  a l a t e r  p a p e r  Alloway (1933) 
r e p o r t e d  t h a t  th e  same r e s u l t s  c o u ld  be o b ta in e d  u s i n g  a 
sodium  d e o x y c h o la te  e x t r a c t  o f  S c e l l s  p u r i f i e d  by  t r e a tm e n t  
w i t h  a n im a l  c h a r c o a l  and c a p a b le  o f  p a s s in g  th ro u g h  a 
B e r k e f e ld  f i l t e r  w i th o u t  a p p r e c i a b l e  l o s s  o f  a c t i v i t y .
The n a t u r e  o f  t h e  a c t i v e  p r i n c i p l e  i n  A llow ay1s e x t r a c t s  
r em a in e d  o b sc u re  f o r  more th a n  t e n  y e a r s ,  a l th o u g h  th e  work 
o f  S ia  Sc Dawson (1931) i n d i c a t e d  t h a t  i t  was n o t  th e  t y p e -  
s p e c i f i c  c a p s u l a r  p o ly s a c c h a r id e  i t s e l f .  In  1944 A very ,
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Macleod & McCarty o b ta in e d  fro m  ty p e  S I I I  pneum ococci a 
p r e p a r a t i o n  c a p a b le  o f  t r a n s f o r m in g  an R v a r i a n t  d e r iv e d  
from  S I I  t o  S I I I .  T h is  m a t e r i a l  was p re p a re d  by e x t r a c t ­
in g  h e a t - k i l l e d  S I I I  c e l l s  w i t h  sodium d e o x y c h o la te  
s o l u t i o n ,  p r e c i p i t a t i n g  the  a c t i v e  p r i n c i p l e  w i th  a l c o h o l ,  
r e d i s s o l v i n g  i t  i n  s a l i n e  and d e p r o t e i n i s i n g  by th e  method 
o f  Sevag, Lackman & Smolens (1 9 3 8 ) .  F i n a l l y , a n y  c a p s u l a r  
p o l y s a c c h a r i d e  p r e s e n t  was removed by t r e a tm e n t  w i th  a 
b a c t e r i a l  enzyme and th e  a c t i v e  p r i n c i p l e  was f u r t h e r  p u r i ­
f i e d  by  a l c o h o l  p r e c i p i t a t i o n .  The p u r i f i e d  m a t e r i a l  
gave a  c o l o u r l e s s  v i s c o u s  s o l u t i o n  i n  s a l i n e .  The b i u r e t  
and M il lo n  r e a c t i o n s  on b o th  th e  d ry  m a t e r i a l  and c o n c e n t r a ­
t e d  s o l u t i o n s  were n e g a t i v e .  The d ip h en y lam in e  r e a c t i o n  
f o r  DNA (D isc h e ,  1930) was s t r o n g l y  p o s i t i v e .  The o r c i n o l  
t e s t ,  which i s  g iv e n  s t r o n g l y  by RNA and w eakly  by MA 
( S c h n e id e r ,  1946c), was w eakly  p o s i t i v e .  R ep ea ted  e x t r a c t i o n  
w i th  a l c o h o l  and  e t h e r  c au se d  no l o s s  o f  a c t i v i t y .  E l e ­
m en ta ry  a n a ly s e s  o f  f o u r  p r e p a r a t i o n s  o f the  d r i e d  m a t e r i a l  
were i n  re m a rk a b ly  good ag re em e n t w ith  th e  t h e o r y  f o r  the 
sodium  s a l t  o f  DMA. The t r a n s fo r m in g  a c t i v i t y  w as n o t  
re d u c e d  by  t r e a tm e n t  w i th  r i b o n u c l e a s e  o r  w i th  t r y p s i n  
and c h y m o try p s in  s i n g l y  o r  in  c o m b in a t io n .  The e f f e c t s  o f  
a  number o f  c ru d e  enzyme p r e p a r a t i o n s  from  v a r io u s  s o u rc e s  
were a l s o  t e s t e d .  The t r a n s f o r m i n g  a c t i v i t y  was a b o l i s h e d  
by th o s e  p r e p a r a t i o n s  c a p a b le  o f  d e p o ly m e r is in g  p u r i f i e d
ENA v i t r o  and o n ly  by such  p r e p a r a t i o n s .  On e x a m in a t io n  
in  t h e  a n a l y t i c a l  u l t r a c e n t r i f u g e  the  p u r i f i e d  m a t e r i a l  
gave a  s i n g l e  s h a rp  b oundary  i n d i c a t i n g  t h a t  i t  was homo­
g e n eo u s .  The t r a n s f o r m i n g  a c t i v i t y  sed im en ted  a t  t h e  
same r a t e  as t h e  o p t i c a l l y  o b se rv e d  b o u n d a ry .  S i m i l a r l y ,  
e l e c t r o p h o r e s i s  showed a s i n g l e  f a s t -m o v in g  boundary  w i th  
w h ich  t h e  t r a n s f o r m in g  a c t i v i t y  m ig r a te d .  T ra n s fo rm a t io n  
c o u ld  be in d u c e d  by v e r y  s m a l l  am ounts o f  th e  p u r i f i e d  
m a t e r i a l  (0 .0 2  -  0 .0 0 3  u g ) . S i m i la r  p r e p a r a t i o n s  c o u ld  be  
o b t a in e d  fro m  o t h e r  pneum ococcal ty p e s  (McCarty & A very ,
1 9 4 6 ) .  S u b s e q u e n t ly  a  p u r i f i e d  d e o x y r ib o n u c le a s e  was ob ­
t a i n e d  f ro m  b e e f  p a n c r e a s  (M cCarty, 1946) and i t  was shown 
t h a t  t h i s  enzyme was c a p a b le  i n  m in u te  am ounts o f  i r r e ­
v e r s i b l y  i n a c t i v a t i n g  th e  t r a n s f o r m in g  f a c t o r  (McCarty & 
A v ery , 1 9 4 6 ) .
In  th e  f a c e  o f  t h i s  mass of e v id en ce  i t  seems im p o s s ib le  
t o  a v o id  th e  c o n c lu s io n  t h a t  t h e  pneum ococcal t r a n s f o r m in g  
f a c t o r s  a r e  h i g h l y  p o ly m e r is e d  DMAs.
The i n d u c t i o n  of s i m i l a r  b a c t e r i a l  t r a n s f o r m a t io n s  
h a s  been r e p o r t e d  i n  t h e  c a se  o f  S h i g e l l a  p a r a d y s e n t e r i a e  
(W eil Sc B in d e r ,  1 9 4 7 ) ,  B a c i l l u s  a n t h r a c i s  and B a c i l l u s  
m e s e n te r i c u s  (M anniger Sc M o g rad i,  1948) and E s c h e r i c h i a  c o l i  
and P r o te u s  OX 19 (D ia n z a n i ,  1 9 5 0 ) .  B o iv in  and h i s  , 
a s s o c i a t e s  have  p ro d u ced  t r a n s f o r m a t i o n s  in  E. c o l i  u s in g
t r a n s f o r m in g  f a c t o r s  w hich  a re  r e s i s t a n t  to  t h e  a c t i o n  o f  
p e p s in  and r i b o n u c l e a s e  b u t  a r e  i n a c t i v a t e d  by d e o x y r ib o ­
n u c le a s e  and a re  t h e r e f o r e  p re su m a b ly ,  l i k e  th e  pneumo­
c o c c a l  t r a n s f o r m i n g  f a c t o r s ,  h i g h ly  p o ly m e r iz e d  DMAs 
(B o iv in ,  V e n d re ly  & L e h o u l t ,  1945a , b ;  B o iv in ,  D elaunay , 
V e n d re ly  & L e h o u l t ,  1945a , b ,  c ,  1946; B o iv in ,  194 7 ) .
I t  seems t h e r e f o r e  t h a t  a  w ide ra n g e  o f  b a c t e r i a l  s p e c ie s  
may be c a p a b le  o f  u n d e rg o in g  t r a n s f o r m a t i o n  r e a c t i o n s .
The n a t u r e  o f  t h e  t r a n s f o r m a t i o n  r e a c t i o n  i t s e l f  
o r ,  a s  i t  h a s  som etim es been  c a l l e d ,  t h e  d i r e c t e d  m u ta t io n  
h a s  a l s o  been  th e  s u b j e c t  o f  I n v e s t i g a t i o n .  In  p a r t i c u l a r ,  
i t  h a s  been  shown t h a t  i n  th e  pneum ococci th e  t r a n s f o r m a t i o n
R ------- ^ S i s  a  s te p w is e  p r o c e s s  (MacLeod & K ra u s s ,  1947;
T a y l o r ,  19 49a , b ;  see  a l s o  Dawson, 1934) and t h a t  t r a n s ­
fo rm in g  f a c t o r s  can  be o b ta in e d  from  R v a r i a n t s  which w i l l
in d u c e  th e  r e v e r s e  t r a n s f o r m a t i o n  S ------- ^ R. An even
more s i g n i f i c a n t  developm ent has  b e e n  th e  d i s c o v e r y  t h a t  
th e  pneum ococci p o s s e s s  so m a tic  p r o t e i n  a n t ig e n s  (A u s t r ia n  
& MacLeod, 1949a) and  t h a t  t h e s e  a l s o  may undergo  d i r e c t e d  
m u ta t io n  u n d e r  t h e  a c t i o n  o f  t r a n s fo r m in g  f a c t o r s  q u i t e  
in d e p e n d e n t ly  o f  th e  c a p s u l a r  p o ly s a c c h a r id e s  (A u s tr ia n  & ' 
MacLeod, 194 9b ) .
1 .1 1  The MA c o n te n t  o f  t h e  c e l l  n u c le u s .
The i d e n t i f i c a t i o n  o f  t h e  t r a n s f o r m in g  f a c t o r s  as 
h i g h ly  p o ly m e r iz e d  DMAs, i f  i t  i s  c o r r e c t ,  i s  a d i s c o v e r y  
o f  m a jo r  im p o r ta n c e .  S ince  b a c t e r i a l  t r a n s f o r m a t i o n  r e ­
a c t i o n s  a r e  h i g h l y  s p e c i f i c  ( ty p e  I I I  t r a n s f o r m in g  f a c t o r ,  
f o r  exam ple , w i l l  in d u c e  m u ta t io n  t o  S I I I  and n o t  t o  S I ,  
S I I ,  SIV, e t c . )  i t  f o l lo w s  t h a t  th e  HIAs w hich  induce  them  
m ust have  an  e q u a l ly  h i g h  d e g re e  o f  s p e c i f i c i t y .  Moreover 
i n  th e  h i g h e r  p l a n t s  and a n im a ls  IMA i s  th e  c h a r a c t e r i s t i c  
c h e m ic a l  component o f  the  n u c le u s  an d , as h a s  been  shown 
above ( s e c t i o n  1 . 8 ) ,  i s  v e ry  p ro b a b ly  l o c a l i z e d  in  th e  
chrom osomes. R ecen t work by  Robinow, De Lam ater and o th e r  
h a s  i n d i c a t e d  t h a t  t h e  b a c t e r i a l  c e l l  a l s o  h a s  a  n u c le u s  
w i t h  chromosomes (Robinow, 1942, 1945; T u la s n e ,  1947; 
K n a y s i ,  1951; De L a m a te r ,  H u n te r  & Mudd, 1952) and t h a t  
t h i s  n u c le u s  c o n ta in s  DMA (V endre ly  & L e h o u l t ,  1946;
T u lasne  & V e n d re ly ,  1947a , b ) . Under t h e s e  c i r c u m s ta n c e s  
i t  s eems n o t  u n r e a s o n a b le  to  suppose  t h a t ,  i n  b a c t e r i a  a t  
l e a s t ,  t h e  gen es  may be h i g h ly  s p e c i f i c  m acrom olecu les  o f  
DMA and t h a t  d i r e c t e d  m u ta t io n s  may be due t o  one o r  more 
o f  th e s e  m ac ro m o lecu les  d e r i v e d  from a k i l l e d  donor c e l l  
p e n e t r a t i n g  the  n u c le u s  o f  a l i v i n g  r e c i p i e n t  c e l l  (B o iv in ,  
1947; B o iv in  & V e n d re ly ,  19 4 7 ) .
I t  m ight be r e a s o n a b ly  e x p e c te d  t h a t  i n  th e  p r e s e n t  
s t a t e  o f  b a c t e r i a l  c y to lo g y  i t  would be no easy  m a t t e r  to
T ab le  1 6 .
A verage  d e o x y r ib o n u c le i c  a c id  (32IA) c o n te n t  o f  n u c l e i
i s o l a t e d  from  v a r i o u s  t i s s u e s .
T is s u e  pg* DMA p e r  n u c le u s
B eef l i v e r  6 .4
11 thymus 6 .6
u k id n e y  6 . 0
” p a n c re a s  6 .9
C a l f  l i v e r  6 .4
n thymus 6 .4
B u l l  sperm  3 .3
Swine l i v e r  5 .0
” k id n e y  5 .2
Dog l i v e r  5 .0
11 k id n e y  5 .3
Mouse l i v e r  6 .0
n k id n e y  5 .0
Duck e r y t h r o c y t e s  2 .3
u l i v e r  2 . 1
from  V e n d re ly  & V e n d re ly  (1948 , 1 9 4 9 c ).
*  1 p g . = 1 0 - 12g .
Table 17 .
A. A verage  d e o x y r ib o n u c le ic  a c id  (IMA) c o n te n t  o f  n u d e  
i s o l a t e d  from  th e  t i s s u e s  o f  v a r io u s  s p e c i e s .
pg .*  INA p e r  n u c le u s
S p e c ie s
D om estic  fo w l
Shad
Carp
Brown t r o u t
F ro g
Toad
Green t u r t l e
e r y t h r o c y t e
n u c l e i
2 .3 4
1 .9 7
3 .4 9
5 .7 9
1 5 .0
7 .3 3
5 .2 7
l i v e r
n u c l e i
2 .3 9
2.01
3 .3 3
1 5 .7
5 .1 2
sperm
1 .2 6
0 .9 1
1 .6 4
2 .6 7
3 .7 0
B. A verage  DMA c o n te n t  o f  n u c l e i  i s o l a t e d  from  v a r i o u s  
b o v in e  t i s s u e s .
pg.~* ]1A p e r  n u c le u sT is s u e  
B u l l  sperm 
C a l f  thymus 
C a l f  lymph node 
C a lf  k id n e y  
B eef k id n e y  
C a lf  l i v e r  
B eef  l i v e r
2 .8 2
7 .1 5
7 .0 3  
6 .25  
6 .81  
6.22
8 .4
from  M irsky  & R is  (1 9 4 9 ) .  
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Table 18.
A verage d e o x y r ib o n u c le i c  a c i d  (DMA) c o n te n t  o f  n u c l e i  
i s o l a t e d  from  v a r io u s  r a t  t i s s u e s .
T is s u e  pg.ft DMA p e r  n u c le u s
L iv e r  (no rm al)  5 ,9  -  9 .4
L iv e r  tum ours  6 .0  -  8 . 1
L iv e r  (from
5 .3  -  6 .4
tu m o u r - b e a r in g  a n im a ls )
Tumour o f  f a c e  5 .9
Thymus 6 .1  -  6 .3
S p le e n  6 .0  -  6 .5
E x t e r n a l  o r b i t a l  g l a n d  2 1 .3
from  Cunningham e t  a l .  (1 9 5 0 ) ,
T able  1 9 .
A verage  d e o x y r ib o n u c le ic  a c i d  (ENA) c o n te n t  o f  n u c l e i  
i s o l a t e d  from  v a r i o u s  t i s s u e s  o f  th e  d o m es tic  fo w l .
T is s u e  p g .*  MA pho spho ru s  pe r  n u c le u s— 'M. I — ' '■ -  .----- ]— | ;| t t|  ^ .
E r y t h r o c y t e s  0 .24 9
L iv e r  0 .2 5 6
K idney 0 .2 2 0
S p le en  0 .2 5 4
H e a r t  0 .2 45
P a n c re a s  0 .2 6 1
Brain*'* 0 .2 2 2
M uscle** 0 .2 4 2
from  D av idso n , L e s l i e ,  S m e l l ie  & Thomson (1950) 
and D avidson  & L e s l i e  (1950 b),
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*  1  p g .  ss 1 0  g .
** em bryon ic  t i s s u e s .
o b t a i n  in d e p e n d e n t  c o n f i r m a to r y  e v id e n c e  f o r  t h i s  c o n c e p t .  
The p ro b lem  w as, ho w ev er ,  s o lv e d  I n  a m ost In g e n io u s  
m anner b y  B o iv in ,  V e n d re ly  Sc V endre ly  (1 948 ) .  I t  i s  a 
commonplace o f  c y to lo g y  t h a t  i n  a g iv e n  o rg an ism  a l l  th e  
so m a tic  n u c l e i  (w i th  th e  e x c e p t io n  o f  th o s e  w h ic h  a re  
p o l y p lo i d )  c o n t a i n  th e  same number o f  g en e 3 w h i le  th e  
g a m e te s ,  b e in g  h a p l o i d ,  c o n t a in  o n ly  h a l f  t h i s  number. I f ,  
i n  f a c t ,  t h e  genes  a r e  m acro m olecu les  o f  INA i t  fo l lo w s  t h a t  
a l l  t h e  so m a tic  n u c l e i  o f  an o rg an ism  w i l l  c o n ta in  th e  same 
amount o f  DMA and t h e  gamete n u c l e i  w i l l  c o n ta in  h a l f  t h i s  
am ount. A c c o rd in g ly  B o iv in  e t  a l .  (1948) i s o l a t e d  v e ry  
l a r g e  num bers o f  n u c l e i  by th e  c i t r i c  a c id  method from  
c a l f  thy m us , l i v e r ,  p a n c r e a s  and k id n e y .  The number o f  
n u c l e i  p r e s e n t  i n  e a c h  p r e p a r a t i o n  was e s t im a t e d  by c o u n t ­
in g  i n  a  haem ocy tom ete r  and th e  t o t a l  ill A c o n te n t  o f  t h e  
p r e p a r a t i o n  d e te rm in e d  b y  g ro s s  c h e m ic a l  a n a l y s i s .  The 
a v e ra g e  DMA c o n te n t  o f  t h e  n u c l e i  c o u ld  th e n  be found by 
s im p le  d i v i s i o n .  In  t h i s  way i t  was found t h a t  th e  average 
IMA c o n t e n t  p e r  n u c le u s  was p r a c t i c a l l y  th e  same f o r  th e
f o u r  t i s s u e s  I n v e s t i g a t e d  and f o r  d i f f e r e n t  i n d i v i d u a l
q
a n im a ls  -  6 .5  x  10 mg. B u l l  sp e rm a to z o a ,  which were 
a l s o  a n a ly s e d  gave a f i g u r e  o f  3 ,4  x  10~^ mg. DMA p e r  
n u c l e u s , i . e . , a p p ro x im a te ly  h a l f  th e  a v e ra g e  c o n te n t  o f  
t h e  so m a tic  n u c l e i .  These o b s e r v a t io n s  a re  c l e a r l y  in  
e x c e l l e n t  ag reem en t w i th  the  t h e o r y  p u t  fo rw a rd  by B o iv in
66.
e t  a l .  (1948) and  w hich  we may c o n v e n ie n t ly  r e f e r  to  a s  the  
B o iv in -V e n d re ly  h y p o t h e s i s .  F u r t h e r  e v id e n c e  o f  th e  same 
s o r t ,  some o f  w h ich  i s  shown i n  T ab le  16, was s u b s e q u e n t ly  
p r e s e n t e d  by V e n d re ly  & V en d re ly  (1948, 1949a, b ,  1950 ) .
In  1949 M irsky  & R is  p u b l i s h e d  a s e r i e s  o f  o b s e rv a ­
t i o n s  on th e  a v e ra g e  TEA c o n te n t  o f  n u c l e i  i s o l a t e d  i n  b u lk  
from  a n im a l  t i s s u e s ,  and  c o u n te d  and a n a ly s e d  by m ethods 
s i m i l a r  to  th o s e  u s e d  by B o iv in  e t  a l .  (1 9 4 8 ) .  In  two 
im p o r ta n t  r e s p e c t s  t h e i r  r e s u l t s ,  w h ich  a r e  shown in  Table  
1 7 , d i f f e r e d  from  th o s e  o b ta in e d  by B o iv in  and  h i s  a s s o c i ­
a t e s :  b e e f  l i v e r  n u c l e i  were r e p o r t e d  a s  h a v in g  a h i g h e r
a v e ra g e  DMA c o n te n t  th a n  th e  n u c l e i  o f  o t h e r  b e e f  and c a l f  
t i s s u e s ;  and  t h e  a v e ra g e  IMA c o n te n t  fo u n d  f o r  b u l l  s p e r ­
m atozoa  was l e s s  th a n  h a l f  t h a t  fo u n d  f o r  th e  n u c l e i  o f  
&ny o f  th e  so m a tic  t i s s u e s  o f  the  same s p e c i e s .  In  th e  
f o l lo w in g  y e a r  Cunningham, G r i f f i n  Sc Luck (1950) a l s o  
p u b l i s h e d  f i g u r e s  f o r  t h e  a v e ra g e  DMA c o n te n t  o f  n u c l e i ,  
i s o l a t e d  t h i s  tim e from  r a t  t i s s u e s .  These a l s o  were 
n o t  c o n s i s t e n t  w i t h  th e  B o iv in -V e n d re ly  h y p o t h e s i s ,  p a r t i ­
c u l a r l y  w i t h  r e s p e c t  t o  th e  h ig h  f i g u r e s  o b ta in e d  f o r  l i v e r  
a n d  e x t e r n a l  o r b i t a l  g la n d  (see  T able  1 8 ) .  These e a r l y  
e x p e r im e n ts  were open t o  c r i t i c i s m  on the  g round  t h a t  the  
ra n g e  o f  t i s s u e s  i n v e s t i g a t e d  In  any one s p e c ie s  was i n ­
s u f f i c i e n t l y  w ide . D avidson , L e s l i e ,  S m e ll ie  &
Thomson (1950) a c c o r d in g ly  e s t im a t e d  th e  INA c o n te n t  p e r
n u c le u s  f o r  a l l  th e  t i s s u e s  o f  the d o m es tic  fow l from  w hich  
n u c l e i  c o u ld  r e a d i l y  be i s o l a t e d .  T h e i r  r e s u l t s ,  w h ich  
a r e  shown i n  T ab le  1 9 ,  s u g g e s t  s t r o n g l y  t h a t  th e  B o iv in - 
V e n d re ly  h y p o th e s i s  i s  v a l i d  f o r  t h i s  s p e c i e s .  On th e  
o t h e r  h a n d , f u r t h e r  e v id e n c e  t h a t  t h e  h y p o th e s i s  m ig h t  n o t  
h o ld  f o r  mammalian t i s s u e s  came from  th e  f i n d i n g  o f  K le in ,  
K u rn ic k  & K le in  (1950) t h a t  mouse a s c i t e s  tumour c e l l s  c o n ­
t a i n e d  two o r  t h r e e  t im e s  a s  much DMA a s  no rm al mouse l i v e r  
and k id n e y  n u c l e i .  A n o th e r  anomaly came to  l i g h t  when 
V e n d re ly  & V e n d re ly  (1949b) and  S chm id t,  H echt & T hannhauser 
(1949) showed t h a t  i n  A rb a c ia  th e  a v e rag e  EM A c o n te n t  o f  
th e  sp e rm a to zo a  i s  v e ry  much l e s s  th a n  t h a t  o f  th e  ova .
These r e s u l t s  were a l l  o b ta in e d  by  a n a l y s i s  o f  
c o u n te d  s u s p e n s io n s  o f  i s o l a t e d  n u c l e i .  I t  i s ,  how ever, 
p o s s i b l e  t o  e s t im a t e  d i r e c t l y  th e  r e l a t i v e  DMA c o n te n t  o f  
i n d i v i d u a l  n u c l e i .  M ention h a s  a l r e a d y  b een  made of th e  
f a c t  t h a t  C a sp e rsso n  (1936, 1950) h a s  d e v is e d  an u l t r a v i o l e t  
m ic r o s p e c t r o p h o to m e te r  s u i t a b l e  f o r  d e te rm in in g  th e  ab ­
s o r p t i o n  sp e c tru m  o f  a s m a l l  p a r t  o f  a c e l l .  T h is  i n s t r u ­
m ent may a l s o  be used  t o  d e te rm in e  the  n u c l e i c  a c id  c o n te n t  
o f ,  f o r  ex am p le , one o f  t h e  bands i n  t h e  s a l i v a r y  g la n d  
chromosomes of D ro s o p h i la .  S in c e ,  how ever, b o th  n u c l e i c  
a c i d s  have  th e  same u l t r a v i o l e t  spec tru m  i t  canno t d i s ­
t i n g u i s h  betv\/een DBA and RITA. I n  1947 P o l l i s t e r  & R is 
d e s c r i b e d  a much s im p le r  a p p a r a tu s  (see  a l s o  P o l l i s t e r  Sc
M oses, 1949) whereby t h e  a b s o r p t io n  o f  a sm a ll  p a r t  o f  a 
c e l l  a t  a  p r e d e te rm in e d  w a v e le n g th  c o u ld  be m easu red .
They s u g g e s te d  t h a t  i t  m igh t be u sed  to  d e te rm in e  th e  r e l a t ­
iv e  am ounts o f  s t a i n  i n  i n d i v i d u a l  n u c l e i  s t a i n e d  by th e  
F e u lg e n  m ethod and h ence  to  e s t im a t e  th e  r e l a t i v e  amounts 
o f  DMA w h ic h  t h e y  o r i g i n a l l y  c o n ta in e d .  By t h i s  means 
Mark & R is  (1949) showed t h a t  th e  s m a l l e s t  s p h e r i c a l  n u c l e i  
i n  c e r t a i n  r a t  l i v e r  tum ours c o n ta in e d  th e  same amount of 
DMA a s  s i m i l a r  n u c l e i  in  norm al r a t  l i v e r .  O ther r e s u l t s  
o b t a in e d  u s i n g  th e  same m ethod gave l e s s  su p p o r t  to  t h e  
B o iv in -V e n d re ly  h y p o t h e s i s .  Thus R is  & M irsky (1949a) 
fo u n d  t h a t  in  r a t  l i v e r  th e  l a r g e s t  n u c l e i  c o n ta in e d  tw ic e  
a s  much DMA a s  t h e  m ed ium -s ized  n u c l e i  and th e s e  I n  t u r n  
c o n ta in e d  tw ic e  a s  much a s  th e  s m a l l e s t  n u c l e i .  S c h ra d e r  & 
L e u c h te n b e rg e r  (1 9 4 9 ) ,  on th e  o th e r  h a n d ,  found  t h a t  i n  th e  
p l a n t  T r a d e s c a n t i a  p a lu d o s a  th e  DMA c o n te n t  o f  I n d i v id u a l  
n u c l e i  v a r i e d  w id e ly  and  q u i t e  i r r e g u l a r l y  from  one t i s s u e  
to  a n o th e r .
Thus by  th e  summer o f  1950 th e  v a l i d i t y  o f  th e  B o iv in -  
V e n d re ly  h y p o th e s i s  had  become s u b j e c t  t o  s e r io u s  d o u b ts .
The o b v io u s  im p o rtan ce  o f  th e  h y p o th e s i s  and p a r t i c u l a r l y  
i t s  b e a r i n g  on the  q u e s t i o n  o f  the  ch em ica l  n a tu r e  o f  the  
gene made i t  h i g h ly  d e s i r a b l e  t h a t  t h e s e  d o u b ts  sh o u ld  be 
f i n a l l y  r e s o l v e d  one way o r  the  o t h e r .  A c c o rd in g ly ,  i t  was
d e c id e d  to  u n d e r ta k e  a  l a r g e - s c a l e  i n v e s t i g a t i o n  i n t o  th e  
BNA c o n te n t  o f  th e  n u c l e i  i n  th e  d i f f e r e n t  t i s s u e s  o f  a 
s i n g l e  mammalian s p e c i e s .  The l i n e s  on which t h i s  i n v e s t i ­
g a t i o n  was c o n d u c te d  a r e  d e s c r i b e d  in  t h e  n e x t  s e c t i o n .
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P a r t  I I .
The A verage  D e o x y r ib o n u c le ic  A c id  C o n ten t  
o f  th e  H u e le i  o f  V a r io u s  R at T is s u e s  a s  D e term ined
by Chem ical A n a l y s i s .
The A verage D e o x y r ib o n u c le ic  Acid C onten t o f  the  N u c le i  o f  
V a r io u s  Rat T is s u e s  a s  D e term in ed  by Chemical A n a ly s i s .
2 .1  The o b j e c t s  o f  th e  i n v e s t i g a t i o n .
The o n ly  way i n  w h ich  th e  t r u t h  o f  the  B o iv in -  
V e n d re ly  h y p o th e s i s  c o u ld  be r e a l l y  c o n v in c in g ly  d e m o n s tra te d  
f o r  any  g iv e n  s p e c i e s  would be by  m easu r in g  a c c u r a t e l y  th e  
IMA c o n te n t  o f  a l a r g e  number o f  i n d i v i d u a l  n u c l e i  from  a 
wide v a r i e t y  o f  d i f f e r e n t  t i s s u e s  and a l a r g e  number o f  
d i f f e r e n t  i n d i v i d u a l s  o f  t h a t  s p e c i e s .  As h a s  been  p o in te d  
o u t  above ( S e c t io n  1 . 1 1 ) ,  a m ethod f o r  e s t im a t i n g  th e  r e l a t i v e  
IMA c o n te n t  o f  i n d i v i d u a l  n u c l e i  h a s  been d e v is e d  by P o l l i s t e r  
and h i s  a s s o c i a t e s  ( P o l l i s t e r  & R i s ,  1947; R is  & M irsky , 1949a 
P o l l i s t e r  & M oses, 1949; P o l l i s t e r ,  1950) and s i m i l a r  
^ c y to p h o to m e t r i c ” m ethods hav e  s u b s e q u e n t ly  been  d e s c r i b e d  by 
o t h e r  w o rk e rs  (Di S te f a n o ,  1948a, b ;  S w if t ,  1950a, b ;
P a s t e e l s  & L is o n ,  1950a , b ,  c ;  K u rn ick ,  1950; L e u c h te n b e rg e r ,  
1950 ; N a o ra ,  1951 : L e u c h te n b e rg e r ,  V en d re ly  So V e n d re ly ,
1951; L e u c h te n b e r g e r ,  L e u c h te n b e rg e r ,  V endre ly  & V en d re ly ,  
1952; F r a z e r  & D avidson , 1955 ) .  U n f o r t u n a t e ly ,  t h e s e  
t e c h n iq u e s  a r e  r a t h e r  i n a c c u r a t e  and so v e ry  l a b o r io u s  a s  to  
make them u n s u i t a b l e  f o r  a l a r g e  s c a l e  i n v e s t i g a t i o n .
An a l t e r n a t i v e  m ethod o f  t e s t i n g  th e  h y p o th e s is  i s  
t h a t  o r i g i n a l l y  u s e d  by B o iv in ,  V endre ly  cc V endrely  (1948) 
th e m s e lv e s ,  n am e ly ,  to  i s o l a t e  v e ry  l a r g e  numbers o f  n u c l e i
from  v a r i o u s  t i s s u e s ,  to  e s t im a te  th e  t o t a l  number o f  n u c l e i  
i n  e a c h  p r e p a r a t i o n  by c o u n t in g  i n  a haemocy tome t e r  and the  
t o t a l  amount o f  DMA by g r o s s  chem ica l  a n a l y s i s ,  and th e n  by 
s im p le  d i v i s i o n  t o  c a l c u l a t e  th e  a v e ra g e  IMA c o n te n t  p e r  
n u c le u s  f o r  e a c h  t i s s u e .  T h is  c h em ic a l  method i s  v e ry  much 
l e s s  l a b o r i o u s  and t im e -c o n su m in g  th an  any  o f  th e  c y to -  
p h o to m e t r i c  m ethod s . I t  c a n n o t ,  o f  c o u r s e ,  r e v e a l  d i f f e r ­
en ces  i n  DNA c o n te n t  betw een i n d i v i d u a l  n u c l e i  w i t h i n  the  
p r e p a r a t i o n s  a n a l y s e d ,  b u t  i f  i t  c o u ld  be shown t h a t  a l l  t h e  
t i s s u e s  o f  a g iv e n  s p e c i e s  h a d  th e  same a v e ra g e  DNA c o n te n t  
p e r  n u c le u s  and  t h a t  t h i s  c o n te n t  was n o t  a f f e c t e d  b y ,  f o r  
exam ple , t h e  age o r  th e  n u t r i t i o n a l  s t a t u s  o f  th e  a n im a l ,  i t  
would be  d i f f i c u l t  to  a v o id  th e  c o n c lu s io n  t h a t  a l l  th e  
so m a tic  n u c l e i  i n  t h a t  s p e c i e s  c o n ta in e d  th e  same amount o f  
IMA.
F o r  t h e s e  r e a s o n s  t h e  c h e m ic a l  m ethod was employed in  
t h e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts .
The s p e c i e s  chosen f o r  i n v e s t i g a t i o n  was th e  r a t .  
T here  w ere  two r e a s o n s  f o r  t h i s  c h o i c e :
( i )  A lth o u g h  t h e  r a t  i s  one o f  th e  commonest l a b o r a t o r y  
a n im a ls  c o m p a r a t iv e ly  l i t t l e  i n f o r m a t io n  had been pub­
l i s h e d  on th e  DNA c o n te n t  o f  i t s  n u c l e i .
( i i )  P r e l im in a r y  e x p e r im e n ts  (Thomson, 1950) i n d i c a t e d  
t h a t  th e  a v e ra g e  MA c o n te n t  p e r  n u c le u s  m igh t be h ig h e r  
I n  r a t  l i v e r  t h a n  in  o t h e r  r a t  t i s s u e s .
Answers were so u g h t  to  seven  s p e c i f i c  q u e s t io n s .
( i )  Does t h e  a v e ra g e  DNA c o n te n t  p e r  n u c le u s  v a ry  from  
one t i s s u e  t o  a n o th e r ?
( i i )  Does th e  a v e ra g e  BNA c o n te n t  p e r  n u c le u s  i n  th e  
l i v e r  v a ry  w i th  a g e ,  s e x ,  s t r a i n ,  o r body  w eigh t?
( i i i )  I s  th e  a v e ra g e  DNA c o n te n t  p e r  n u c le u s  i n  th e  
l i v e r  a l t e r e d  d u r in g  p regn ancy?
( iv )  I s  t h e  a v e ra g e  IMA c o n te n t  p e r  n u c le u s  i n  t h e  
l i v e r  a f f e c t e d
(a )  by  f a s t i n g ,
(b) by p r o t e i n  d e f i c i e n c y ,
(c) by th ia m in e  d e f i c i e n c y ,
(d) by a d m i n i s t r a t i o n  o f  a  h i g h - f a t  d i e t ?
(v) I s  t h e  a v e ra g e  DM c o n te n t  p e r  n u c le u s  I n  th e  l i v e r  
a f f e c t e d  by a d m i n i s t r a t i o n  o f  th io a c e ta m id e  in  a  concen­
t r a t i o n  o f  0.032/c i n  t h e  d i e t ?  ( I t  has  been shown by 
R a th e r ,  1 9 5 1 , t h a t  t h i s  t r e a tm e n t  c a u se s  a  d ra m a t ic  I n ­
c r e a s e  i n  th e  volume o f  th e  l i v e r  n u c l e i . )
( v i )  Does d i a b e t e s ,  I n d u c e d  by i n j e c t i o n  o f  a l l o x a n ,  
a f f e c t  th e  a v e ra g e  ENA c o n te n t  p e r  n u c le u s  I n  th e  l i v e r ?
( v i i )  I s  t h e . a v e r a g e  DHA c o n te n t  p e r  n u c le u s  t h e  same in  
l i v e r  tum o urs  a s  i n  n o rm al l i v e r ?
I f  any one o f  t h e s e  seven  q u e s t io n s  c o u ld  be  answ ered  in  the 
a f f i r m a t i v e  the B o iv in -V e n d re ly  h y p o t h e s i s ,  I n  I t s  original 
form  a t  l e a s t ,  would have  t o  b e  discarded. Conversely,
w h i le  n e g a t iv e  answ ers  to  a l l  seven  cou ld  n o t  he r e g a rd e d  
a s  a  r i g o r o u s  d e m o n s t r a t i o n  o f  th e  t r u t h  o f t h e  h y p o th e s i s  
th e y  would c o n s t i t u t e  v e ry  s t r o n g  e v id e n c e  i n  i t s  f a v o u r .
An e i g h t h  q u e s t i o n  was a l s o  i n v e s t i g a t e d .  I t  i s  a 
w e l l  known f a c t  t h a t  i f  t h e  m edian and l e f t  l a t e r a l  lo b e s  
o f  t h e  l i v e r  o f  a  r a t  a r e  s u r g i c a l l y  removed th e  r e m a in in g  
lo b e s  u ndergo  a p r o c e s s  o f  com p ensa to ry  h y p e r p l a s i a ,  common­
ly  b u t  somewhat i n a c c u r a t e l y  te rm ed  r e g e n e r a t i o n ,  u n t i l  t h e  
o rg a n  h a s  been  r e s t o r e d  to  I t s  o r i g i n a l  w e ig h t  (H igg ins  cc 
A n d e rso n ,  1931}. D u rin g  t h e  f i r s t  f o u r  days f o l lo w in g  th e  
o p e r a t i o n  t h e  f re q u e n c y  o f  m i to s e s  i n  su ch  a r e g e n e r a t i n g  
l i v e r  i s  e x t r a o r d i n a r i l y  h ig h  (B ru e s ,  Drury & B ru es ,  1936; 
A bercrom bie  & H a rk n e s s ,  1 9 5 1 ) .  I t  seemed o f  some i n t e r e s t  
t o  compare th e  a v e ra g e  DNA c o n te n t  p e r  n u c le u s  u n d e r  th e s e  
c i r c u m s ta n c e s  w i th  t h a t  found  in  n o rm al l i v e r ,  i n  which 
m i to s e s  a r e  e x t r e m e ly  r a r e  (Brues & M arb le , 1937; Marshak 
& B yron , 1 9 4 5 ) .
Q u ite  a p a r t  from  i t s  t h e o r e t i c a l  s i g n i f i c a n c e  the 
B o iv in -V e n d re ly  h y p o t h e s i s  has  a c o r o l l a r y  o f  some p r a c t i c a l  
im p o r ta n c e .  I f  a l l  t h e  n u c l e i  i n  a g iv e n  s p e c ie s  c o n ta in  
th e  same amount o f  DNA i t  f o l lo w s  t h a t  th e  number o f  c e l l s  
p r e s e n t  i n  an  o rgan  o r  a  sam ple o f  t i s s u e  can be c a l c u l a t e d  
from  I t s  c o n te n t  o f  DNA, and hence i t s  co m p o s it io n  o r  enzyme 
a c t i v i t y  can be e x p re s s e d  in  te rm s o f  av e rag e  com po s it io n  or
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a c t i v i t y  p e r  c e l l  (D avidson <3c L e s l i e ,  1 9 5 0 a ) .  In  the  c o u rse  
o f  th e  p r e s e n t  i n v e s t i g a t i o n  an  a t te m p t  h a s  been made to  
d e te rm in e  w h e th e r  t h i s  method o f  e x p r e s s in g  th e  r e s u l t s  o f  
t i s s u e  a n a ly s e s  h a s  any  c o n s id e r a b le  a d v a n ta g e s  o v e r  th o s e  
more commonly em ployed.
2 .2  E x p e r im e n ta l  M ethods.
m ents w ere  c a r r i e d  o u t  on male a lb i n o  r a t s  w e ig h in g  190 - 
250 g . from  th e  d e p a r tm e n ta l  c o lo n y .  Where i n d i c a t e d  i n  
th e  t a b l e s  o f  r e s u l t s ,  male a lb i n o  r a t s  o u t s id e  t h i s  w e ig h t  
r a n g e ,  fem a le  a l b i n o ,  and male and fem a le  hooded r a t s  v^ere 
a l s o  u s e d .
D i e t s . 'Ihe d i e t s  employed were a s  f o l l o w s :
(a)  A s to c k  d i e t  o f  ur a t  c a k e ” made by  L ev e rs  C a t t l e f o o d s  L td .
(b) A s e m i - s y n t h e t i c  d i e t  s i m i l a r  to  t h a t  u se d  i n  th e  
U n i v e r s i t y  o f  I l l i n o i s  c o n s i s t i n g  o f
A n im als .  E x ce p t  w here  o th e r w is e  s t a t e d  th e  e x p e r i -
g lu c o s e
v i t a m i n - f r e e  c a s e i n  
s a l t  m ix tu re  
a r a c h i s  o i l
E ach  k g ,  o f d i e t  c o n ta in e d  t h e  fo l lo w in g  supp lem en t:
Thiam ine h y d r o c h lo r id e  
r i b o f l a v i n  
n i c o t i n i c  a c id  
p y r id o x in  h y d r o c h lo r id e  
c a lc iu m  p a n to th e n a t e  
i n o s i t o l
p -am inob en zo ic  a c i d
b i o t i n
f o l i c  a c id
2 -me th y ln a p h th a q u in o n e  
c h o l in e  c h lo r i d e
2 .5  mg. 
5 .0  mg.
1 0 . 0  mg.
2 .5  mg.
2 0 . 0  mg.
1 0 0 . 0  mg.
5 0 .0  mg. 
0 . 1  mg.
1 . 0  mg.
1 . 0  mg.
1 . 0  g.
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E ach  an im al r e c e i v e d  one d rop  w eekly  o f  a m ix tu re  o f  1 g .  
a - t o c o p h e r o l  in  14 g.  R a d io s to le u m  ( B r i t i s h  Drug Houses 
L t d . ) .  The s a l t  m ix tu r e  employed was t h a t  d e s c r ib e d  by 
G r i f f i n ,  Nye, Moda 2c Luck (1 9 4 3 ) .
(c)  A p r o t e i n - f r e e  d i e t  s i m i l a r  to  (b) above in  w hich  
c a s e i n  was r e p l a c e d  by g lu c o se  and a d d i t i o n a l  p h o sph a te  was 
s u p p l i e d  a s  recommended by K o s t e r l i t z  (1 947).
(d) A t h i a m i n e - d e f i c i e n t  d i e t  s i m i l a r  t o  (b) above b u t  
w i th o u t  th ia m in e  h y d r o c h l o r i d e .
(e) A t h i o a c e t a m i d e - c o n t a i n i n g  d i e t  s i m i l a r  to  (b) above 
b u t  c o n t a i n i n g  i n  a d d i t i o n  Q.Qr52% o f  t h io a c e t a m id e .
( f )  A h i g h - f a t  d i e t  a s  d e s c r i b e d  by Channon, M i l l s  & 
P l a t t  (1943) c o n ta in i n g
cod l i v e r  o i l  l/o  
E ach  r a t  r e c e i v e d  10 jAg. th ia m in e  p e r  day .
(g) A c a r c in o g e n ic  d i e t  s i m i l a r  t o  t h a t  u s e d  by G r i f f i n  
e t  a l .  (1948) c o n ta in i n g
p -d im e th y lam in o azo b en zen e  0 . 0  6% 
and v i t a m in  su p p le m e n t.  C o n t ro l  a n im a ls  were k e p t  f o r  th e  
same tim e on th e  same d i e t  w i th o u t  th e  d im ethy lam inoazobenzene .
c a s e i n  
b e e f  f a t  
g lu c o s e  
s a l t  m ix tu re
c a s e i n  
g lu c o s e  
a r a c h i s  o i l  
s a l t  m ix tu re
P a r t i a l  h e p a te c to m y . P a r t i a l  h ep a tec to m y  (rem oval 
o f  m edian  and  l e f t  l a t e r a l  l o b e s )  was c a r r i e d  o u t  u n d e r  e t h e r  
a n a e s t h e s i a  by t h e  m ethod o f  H ig g in s  & A nderson  (1931 ) .
I n d u c t i o n  o f  d i a b e t e s . D ia b e te s  was indu ced  by 
a d m i n i s t r a t i o n  o f  a l l o x a n  a s  d e s c r i b e d  by D ie rm e ie r ,  Di 
S t e f a n o ,  Tepperman & Bass (1 9 5 1 ) .  The a n im a ls  co n ce rn ed  were 
f a s t e d  f o r  48 h o u rs  and t h e n  i n j e c t e d  su b c u ta n e o u s ly  w i th  
175 mg. a l lo x a n  m onohydrate  p e r  kg , body w e ig h t .  C o n tro l  
a n im a ls  w h ich  had  b e en  s i m i l a r l y  f a s t e d  r e c e i v e d  i n j e c t i o n s  
o f  s a l i n e .  The developm ent o f  d i a b e t e s  was co n firm ed  by 
b lo o d - s u g a r  e s t i m a t i o n s  by th e  Folin-W u m ethod . Anim als 
w h ich  d id  n o t  d e v e lo p  d i a b e t e s  were d i s c a r d e d .
Removal and s t o r a g e o f  t i s s u e s . The a n im a ls  were 
k i l l e d  by e x s a n g u in a t io n  u n d e r  e t h e r  a n a e s t h e s i a .  The l i v e r s  
and o t h e r  o rg a n s  r e q u i r e d  were q u ic k ly  e x c i s e d ,  w eighed and 
f i n e l y  chopped w i th  s c i s s o r s .  A sm a l l  p i e c e  o f  t i s s u e  was 
f i x e d  f o r  h i s t o l o g i c a l  e x a m in a t io n ,  and ab ou t 0 .5  g .  was 
a c c u r a t e l y  w e ighed  o u t  f o r  whole t i s s u e  a n a l y s i s .  The r e ­
m ain d er  was u s e d  f o r  i s o l a t i o n  o f  n u c l e i .  T i s s u e s  which 
co u ld  n o t  be u se d  im m e d ia te ly  were p r e s e r v e d  by f r e e z i n g  i n  
s o l i d  c a rb o n  d io x id e .
I s o l a t i o n  o f  n u c l e i .  The methods a v a i l a b l e  f o r  th e  
i s o l a t i o n  o f  n u c l e i  from  compact t i s s u e s  have a l r e a d y  been  
d i s c u s s e d  ( S e c t io n  1 . 4 ) ,  For the  p r e s e n t  i n v e s t i g a t i o n  tn e
78.
c i t r i c  a c i d  m ethod was a d o p te d  a s  b e in g  the  o n ly  one which 
i s  a p p l i c a b l e  t o  a w ide ra n g e  o f  t i s s u e s  and i s  y e t  s u f f i c i e n t ­
l y  e a sy  and r a p i d  f o r  r o u t i n e  u s e .  The a c t u a l  t e c h n iq u e
em ployed, a m o d i f i c a t i o n  o f  t h a t  o r i g i n a l l y  d e s c r ib e d  by 
M irsky  & P o l l i s t e r  (1 9 4 6 ) ,  was a s  f o l lo w s .
The e n t i r e  p ro c e d u re  was c a r r i e d  o u t a t  0 -  4°G.
In  o r d e r  t o  o b t a i n  an  a d e q u a te  number o f  n u c l e i  f o r  anaLysis
( a p p ro x im a te ly  400 m i l l i o n )  i t  was g e n e r a l l y  d e s i r a b l e  to  
s t a r t  w i th  a b o u t  5 g .  o f  t i s s u e  ( e . g . ,  th e  l i v e r  o r  i n t e s t i n e  
o f  a  s i n g l e  r a t  o r  th e  p o o le d  s p l e e n s  o r  k id n e y s  o f  4 -  S 
a n im a l s ) .  Where n e c e s s a r y ,  how ever, th e  method c o u ld  be 
a p p l i e d  t o  s m a l l e r  amounts o f  m a t e r i a l .  The t i s s u e  was 
immersed in  a b o u t  2 volumes o f  0 ,0 5  M c i t r i c  a c i d ,  and i f  i t  
had been  f r o z e n  h a rd  f o r  s t o r a g e ,  was a llo w ed  t o  thaw b e f o r e  
b e in g  m inced f i n e l y  w i th  s c i s s o r s .  The mince and  c i t r i c  
a c i d  w ere  t h e n  t r a n s f e r r e d  t o  a W aring , Atomix o r  i ie lc o  
B len d o r  f i t t e d  w i th  an  i c e - j a c k e t .  F u r t h e r  0 .0 5  M c i t r i c  
a c id  was added to  co v e r  th e  b la d e s  o f  th e  B lendor and th e  
t i s s u e  was .hom ogenized u n t i l  t h e  hom ogenate c o n ta in e d  o n ly  
f r e e  n u c l e i  and  c y to p la s m ic  g ra n u le s  w i th  no whole c e l l s .
In  t h e  c a s e  o f  l i v e r  t h i s  co u ld  g e n e r a l l y  be a c h ie v e d  by a 
5 -m in u te  r u n  a t  f u l l  speed  i n  th e  Waring B lendor o r 5 m in u te s  
a t  h a l f  speed  In  t h e  Atomix o r  3 m in u te s  a t  f u l l  speed  in  th e  
N e lc o .  I t  sh o u ld  be em phasized  t h a t  th e s e  t im e s  and sp e ed s
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a r e  by no means c r i t i c a l  and  c o u ld  p ro b a b ly  be ex ceed ed  w i th  
s a f e t y ,  s i n c e ,  a s  h a s  a l r e a d y  been  p o in te d  ou t (S e c t io n  1 . 4 ) ,  
n u c l e i  i s o l a t e d  in  c i t r i c  a c i d  a re  rem a rk a b ly  r e s i s t a n t  to  
m e c h a n ic a l  damage. The t im e  o f  h o m o g en iza t io n  was in c r e a s e d  
f o r  t i s s u e s  w hich  a r e  to u g h e r  o r  more f i b r o u s  th a n  l i v e r  
( e . g . ,  k id n e y  and h e a r t  m u s c le ) .  Where i t  was n e c e s s a r y  to  
i s o l a t e  n u c l e i  from  s m a ll  amounts o f t i s s u e ,  a s  f o r  example 
i n  the  c a s e  o f  thymus and p a n c r e a s ,  a P o t t e r - E lv e h je m  ty p e  
hom ogen izer  f i t t e d  w i t h  a p e r s p e x  p e s t l e  was employed 
( P o t t e r  & E lv eh jem , 1 9 3 6 ) .
A f t e r  a d d i t i o n  o f  a few d rops  o f  c a p r y l  a l c o h o l  to  
r e d u c e  th e  foam p ro d u ced  d u r in g  h o m o g e n iz a t io n  th e  homogen- 
a t e  was f i l t e r e d  th ro u g h  a d o u b le  l a y e r  o f  gauze t o  remove 
any f ra g m e n ts  o f  t i s s u e  w hich m igh t have  e sca p ed  d i s i n t e g r a ­
t i o n  i n  t h e  B len do r  and  c e n t r i f u g e d  a t  650 g ,  f o r  10 m in u te s  
t o  sed im en t th e  n u c l e i .  The s u p e r n a t a n t  was d i s c a r d e d ,  th e  
n u c l e i  re s u sp e n d e d  in  0.01 k c i t r i c  a c id  and th e  suspension 
c e n t r i f u g e d  a t  370 g. f o r  10 m in u t a s .  The s u p e r n a t a n t  was 
a g a in  d i s c a r d e d .  The n u c l e i  were t h e n  r e p e a t e d l y  re s u sp e n d e d  
i n  0 . 0 1  M c i t r i c  a c i d  and  c e n t r i f u g e d  down u n t i l  on m ic ro ­
s c o p ic  e x a m in a t io n  o f  a n  u n s t a in e d  wet p r e p a r a t i o n  th e y  a p p e a r  
ed t o  be  r e a s o n a b ly  f r e e  o f  c y to p la s m ic  c o n ta m in a t io n .  In  
t h e  c a s e  o f  l i v e r  n u c l e i  t h i s  was g e n e r a l l y  a c h ie v e d  a f t e r  
two o r  t h r e e  5 -m inu te  c e n t r i f u g a t i o n s  a t  370 g, rlnally,
t h e  n u c l e i  were r e s u s p e n d e d  i n  ab o u t  12 m l. o f  0 .0 1  M c i t r i c  
a c i d  and th e  su s p e n s io n  f i l t e r e d  th ro u g h  a double  l a y e r  o f  
f i n e  n y lo n  g a u z e .  The y i e l d  o f  n u c l e i  o b ta in e d  by t h i s  
p ro c e d u re  was g e n e r a l l y  be tw een  2 0 $ and 50$ o f  the  n u c l e i  
o r i g i n a l l y  p r e s e n t  i n  th e  t i s s u e .  In  d e a l in g  w i th  t i s s u e s  
su c h  a s  l u n g ,  k id n e y  and s a l i v a r y  g la n d  i t  was sometimes found 
t h a t  th e  hom ogenate c o n ta in e d  f ra g m e n ts  o f  f i b r o u s  m a t e r i a l ,  
u n b ro k en  by  p ro lo n g e d  h o m o g e n iz a t io n .  T h is  m a t e r i a l  c o u ld ,  
how ev er ,  g e n e r a l l y  be  removed by f i l t r a t i o n  th ro u g h  f o u r  l a y e r s  
o f  f i n e  n y lo n  gauze  o r ,  where t h i s  p roved  i n e f f e c t i v e ,  by 
d i s c a r d i n g  t h e  u p per  l a y e r  o f  t h e  sed im en t o b ta in e d  on c e n t r i ­
f u g a t i o n .
E s t im a t io n s  o f  numbers o f  n u c l e i .  The number o f  
n u c l e i  p e r  m l.  i n  eac h  p r e p a r a t i o n  was e s t im a te d  by c o u n t in g  
i n  a haemocy tome t e r  o f  t h e  Thoma o r  h e u b a u e r  ty p e  u s in g  
0 .0 1  M c i t r i c  a c i d  a s  d i l u t i n g  f l u i d .  At l e a s t  1600 n u c l e i  
were c o u n te d  by th e  a u th o r  and a n o th e r  o b s e rv e r  w o rk in g  
i n d e p e n d e n t l y .
I s o l a t i o n  o f  l e u c o c y t e s .  L eu co cy tes  were s e p a r a te d  
from  th e  p o o le d  c i t r a t e d  b lo o d  o f  a b o u t  12  r a t s  by c e n t r i ­
f u g in g  i n  c o n s t r i c t e d  c e n t r i f u g e  tu b e s  a c c o rd in g  to  th e  
m ethod d e s c r i b e d  by B u t l e r  & Cushman (1940). They were s u s ­
pended in  0 .0 1  M c i t r i c  a c i d  and cou n ted  in  a haem ocytom eter 
i n  th e  same way as i s o l a t e d  n u c l e i .
A n a ly s i s  o f  i s o l a t e d  n u c l e i .  The I s o l a t e d  n u c l e i  
were f r a c t i o n a t e d  by a m o d i f i c a t i o n  o f  th e  method o f  
Schm idt & T hannhauser  (1 9 4 5 ) .  A 5 o r  10 m l. a l i q u o t  o f  
th e  c o u n te d  s u s p e n s io n  o f  n u c l e i  was p i p e t t e d  i n to  a 15 m l. 
g r a d u a te d  c e n t r i f u g e  t u b e ,  0 .5  v o l .  o f  30$ (W/ y )  t r i c h l o r ­
a c e t i c  a c i d  was added t o  p r e c i p i t a t e  p r o t e i n s ,  and th e  tu b e  
s t o r e d  o v e r n ig h t  i n  a  r e f r i g e r a t o r  a t  - 1 0  t o  -15°C . The 
f o l l o w in g  m orn ing  th e  c o n te n t s  o f  t h e  tu b e  were a l lo w e d  to  
thaw an d  t h e  p r e c i p i t a t e  was c e n t r i f u g e d  down and washed
4 V V $t h r e e  t im e s  w i th  3 m l. p o r t i o n s  o f  10$ ( / y )  t r i c h l o r a c e t i c  
a c i d .  I t  was t h e n  e x t r a c t e d  w i th  5 m l. p o r t i o n s  o f ,  
s u c c e s s i v e l y ,  a c e to n e ,  e t h a n o l ,  e th a n o l - c h lo ro f o r m  m ix tu re  
(2 :3 )  a t  70°C, e t h a n o l - e t h e r  m ix tu re  (3 :1 )  a t  70°C tw ic e ,  
and e t h e r .  The d ry  a c i d - i n s o l u b l e ,  n o n - l i p i d  r e s id u e  was 
i n c u b a te d  f o r  18 ho u rs  a t  37°0 w i th  3 m l. N sodium h y d ro x id e  
i n  o r d e r  t o  h y d r o ly s e  th e  RM p r e s e n t  to  a c i d - s o l u b l e  
n u c l e o t i d e s  (Schm idt & T h an n h a u se r ,  1945). The a l k a l i n e  
d i g e s t  .was th e n  c o o le d  i n  a n  i c e - b a t h  and a c i d i f i e d  by 
a d d i t i o n  o f  1 .5  m l. I c e - c o l d  2 .5  il h y d r o c h lo r i c  a c id  and 
2 .5  m l.  30$ (V y ^  t r i c h l o r a c e t i c  a c i d .  T h is  a c i d i f i c a t i o n  
p r e c i p i t a t e d  DNA t o g e t h e r  w i th  a l a r g e  amount o f  p r o t e i n  
w h i le  l e a v in g  th e  h y d r o l y s i s  p ro d u c ts  o f  RNA i n  s o l u t i o n  
(Schm idt & T hannh ause r,  19 45). A f t e r  s t a n d in g  f o r  30 
m in u te s  in  th e  i c e - b a t h  t o  e n su re  com ple te  p r e c i p i t a t i o n ,  th e  
p r e c i p i t a t e  was c e n t r i f u g e d  down and washed tw ice  w i th  1 ml.
p o r t i o n s  o f  i c e - c o l d  10% (w/ y )  t r i c h l o r a c e t i c  a c id .  The 
s u p e r n a t a n t  and  w a s h in g s ,  w hich  c o n ta in e d  th e  h y d r o l y s i s  
p r o d u c t s  o f  th e  ENA, w ere combined to  form th e  Second A c id -  
S o lu b le  F r a c t i o n .  The p r e c i p i t a t e  was washed once w i th  
0 . 2  m l. i c e - c o l d  d i s t i l l e d  w a te r  to  remove e x c e s s  t r i c h l o r ­
a c e t i c  a c i d ,  r e d i s s o l v e d  in  2 m l. N sodium h y d ro x id e ,  and 
made up  w i th  d i s t i l l e d  w a te r  t o  a f i n a l  volume o f  10  m l.
( i . e . ,  t o  a  f i n a l  c o n c e n t r a t i o n  w i th  r e s p e c t  t o  sodium 
h y d ro x id e  o f  0 .2  N ). T h is  c o n s t i t u t e d  th e  R e s id u a l  F r a c t i o n .
XU A -ph osphorus  (MAP) was e s t im a te d  by d u p l i c a t e
(a) p h o sp h o ru s  d e t e r m i n a t i o n s ,
(b) d e o x y p e n to se  d e te r m in a t io n s  and
(c) u l t r a v i o l e t  a b s o r p t i o n  m easurem ents
on t h e  R e s id u a l  F r a c t i o n .  KNA-phosphorus (RNAP) was e s t i ­
m ated  by  a ph o sp h o ru s  d e t e r m i n a t i o n  on t h e  Second A c id -  
S o lu b le  F r a c t i o n .
A n a ly s i s  o f  whole t i s s u e  sam p le s .  Whole t i s s u e  
sam p les  were a n a ly z e d  by t h e  method o f  Schmidt & Thannhauser 
(1945) a s  m o d if ie d  by L e s l i e  & D avidson (1951). The 
w eighed  t i s s u e  was t r a n s f e r r e d  q u a n t i t a t i v e l y  to  a c o n ic a l  
15 m l. c e n t r i f u g e  tu b e  c o n ta in in g  5 m l.  i c e - c o l d  10% i ^ / y )  
t r i c h l o r a c e t i c  a c i d  and th o ro u g h ly  m a c e ra te d  w i th  a g l a s s  
r o d  r o t a t e d  a t  h ig h  speed  by a s m a l l  e l e c t r i c  m o to r . The 
p r e c i p i t a t e  o f  p r o t e i n ,  n u c l e i c  a c i d ,  e tc .^ w a s  c e n t r i f u g e d
down and washed tw ic e  w i t h  5 m l. p o r t io n s  o f  i c e - c o l d  10$ 
( V v )  t r i c h l o r a c e t i c  a c i d  to  remove a c i d - s o l u b l e  m a t e r i a l .
The r e s i d u e  was e x t r a c t e d  w i th  5 m l. p o r t i o n s  o f ,  s u c c e s s iv e ­
l y ,  80$ e t h a n o l ,  1 0 0 1  e t h a n o l ,  e th a n o l - c h lo r o f o r m  m ix tu re  
( 3 :1 )  a t  70°C t h r e e  t i m e s ,  and  e t h e r .  These e x t r a c t s  were
com bined to  fo rm  th e  L ip id  F r a c t i o n .  As in  th e  c ase  o f
t h e  n u c l e a r  p r e p a r a t i o n s ,  the  a c i d - i n s o l u b l e ,  l i p i d - f r e e  
r e s i d u e  was in c u b a te d  f o r  18 h o u rs  a t  37°C w i th  N sodium 
h y d ro x id e  and th e  a l k a l i n e  d i g e s t  f r a c t i o n a t e d  w i t h  2 .5  N 
HC1 and  30$ l ^ / y )  t r i c h l o r a c e t i c  a c id  i n t o  a Second A c id -  
S o lu b le  F r a c t i o n  and a R e s id u a l  F r a c t i o n .
L ip i d  phosp ho rus  (LP) was e s t im a te d  by a  phosphorus 
d e t e r m i n a t i o n  on th e  L ip id  F r a c t i o n .  RNAP and MAP were 
e s t im a te d  by  p ho spho ru s  d e t e r m i n a t i o n s  on t h e  Second A cid -  
S o lu b le  and R e s id u a l  F r a c t i o n s ,  r e s p e c t i v e l y .  P r o t e i n  
n i t r o g e n  (PN) was e s t im a te d  by d e te rm in in g  th e  n i t r o g e n  con­
t e n t  o f  th e  a l k a l i n e  d i g e s t  by th e  m ic ro - K je ld a h l  method a s  
m o d if ie d  by Ma oc Zuazaga (1942) and s u b t r a c t i n g  th e  amount 
o f  n i t r o g e n  due to  n u c l e i c  a c i d .  T h is  was c a l c u l a t e d  by 
m u l t i p l y i n g  th e  t o t a l  n u c l e i c  a c i d  phosphorus  (RRAP + MAP) 
by 1 .7 .
I o n o p h o r e t i c  a n a l y s i s . I t  has  r e c e n t l y  b e en  shown 
t h a t ,  i n  a d d i t i o n  to  th e  h y d r o l y s i s  p ro d u c ts  of RITA, th e  
Second A c id -S o lu b le  F r a c t i o n  o f  th e  Schmidt & T hannhauser 
(1945) f r a c t i o n a t i o n  c o n ta in s  a sm a l l  amount o f  in o r g a n ic
ph o sp h o ru s  d e r i v e d  from  p h o sp h o p ro te in  (D avidson , F r a z e r  & 
H u tc h is o n ,  1951) and s m a l l  amounts o f  n o n - n u c le o t id e  o rg a n ic  
p h o sp h o ru s  (S m e ll ie  & D av id so n , 1951; D avidson & S m e l l i e ,  
1 9 5 2 ) .  F ig u r e s  o b ta in e d  f o r  ENAP by  th e  method d e s c r i b e d  
above m ust t h e r e f o r e  be r e g a r d e d  a s  a p p ro x im a te .  In  o r d e r  
t o  d e te r m in e  how l a r g e  and hovs/ v a r i a b l e  th e  e r r o r  from  t h i s  
s o u rc e  m ig h t  be an  e x p e r im e n t  was c a r r i e d  o u t  i n  w hich  th e  
i n d i v i d u a l  n u c l e o t i d e s  o f  th e  Second A c id -S o lu b le  F r a c t i o n  
w ere d e te rm in e d  by t h e  p a p e r - io n o p h o r e s i s  method o f  Davidson 
& S m e l l ie  (1 9 5 2 ) .
D e te rm in a t io n  o f  p h o s p h o ru s . Phosphorus was d e t e r ­
m ined by  a m o d i f i c a t i o n  o f  t h e  m ethod o f  A l le n  (194 0 ) , The 
r e a g e n t s  u sed  w ere a s  f o l l o w s :
A 10 U s u l p h u r i c  a c i d .
B 100 v o l .  h y d ro g en  p e ro x id e  (M .A .R .),
C ” Amidol r e a g e n t ” . 1 g . am ido l (2 :4 -d ia m in o -  
p h e n o l  h y d r o c h lo r id e )  d i s s o lv e d  i n  10 0  m l. 
o f  a  s t o c k  2 0 $ ( ^ /y )  s o l u t i o n  o f  sodium 
m e t a b i s u l p h i t e .
D 8 .3 $  OVy) ammonium m olybdate  s o l u t i o n  con­
t a i n i n g  a  few d ro p s  o f  ammonium h y d ro x id e .
An a l i q u o t  o f  t h e  f r a c t i o n  to  be a n a ly s e d  c o n ta in in g  
be tw een  20  and 20 0  jig . o f  p ho sph o rus  was d ig e s t e d  w i th  1 .2  ml. 
10  N s u l p h u r i c  a c id  and  a few d ro p s  o f  100  v o l .  hydrogen
p e ro x id e  in  a  m ic r o - K je ld a h l  f l a s k .  When d i g e s t i o n  was 
co m p le te  th e  f l a s k  was a l lo w e d  to  c o o l  and 6 . 3 5  m l. d i s t i l l e d  
w a te r  were added  fo l lo w e d  by 2 m l. am idol r e a g e n t  and 1 m l. 
8 .3 $  (w/ y )  ammonium m oly bda te  and a f u r t h e r  15 m l. d i s ­
t i l l e d  w a te r .  The i n t e n s i t y  o f  th e  b lu e  c o lo u r  w hich  
d e v e lo p e d  was m easured  betw een 10 and  30 m in u te s  a f t e r  the  
a d d i t i o n  o f  t h e  r e a g e n t s  i n  a H i lg e r  nS pekk eru p h o t o e l e c t r i c  
a b s o r p t io m e te r  f i t t e d  w i t h  I l f o r d  r e d  f i l t e r s  (H o .608).
Vi/here t h e  amount o f  phosp ho rus  to  be d e te rm in e d  was l e s s  t h a n  
20  j*g. i ~ q u a n t l t i e s  o r ^ - q u a n t i t i e s  o f  t h e  r e a g e n t s  were 
u s e d .  A c a l i b r a t i o n  c u rv e  f o r  th e  method was p re p a re d  
u s i n g  s e r i a l  d i l u t i o n s  o f  a  s t a n d a r d  s o l u t i o n  o f  p o ta s s iu m  
d ih y d ro g e n  p h o s p h a te .
E s t im a t io n  o f  DMA by d eo x y p en to se  d e te r m in a t io n .
The m ethod employed was b a se d  on t h a t  o r i g i n a l l y  d e s c r ib e d  
by  D isch e  (1930) and s u b s e q u e n t ly  m o d if ie d  by Davidson & 
Waymouth (1 9 4 4 ) .  The fo l lo w in g  r e a g e n t s  were u s e d :
A 0.4N h y d r o c h l o r i c  a c id
B ”d ip h en y lam in e  r e a g e n t ” , p re p a re d  by d i s ­
s o l v i n g  1 g . d iph en y lam in e  ( tw ice  r e c r y s t a l ­
l i z e d  from e th a n o l )  i n  2 m l. c o n c e n t r a te d  
s u l p h u r i c  a c i d  and d i l u t i n g  w i th  g l a c i a l  
a c e t i c  a c id  to  a  f i n a l  volume o f  100  m l.
1 m l. o f  th e  R e s id u a l  F r a c t i o n , d i l u t e d  i f  n e c e s s a ry  
w i t h  0 .2  N sodium h y d ro x id e  so t h a t  i t  c o n ta in e d  15 -  100 ^*g.
86.
MAP p e r  m l . f was m ixed in  a t e s t - t u b e  w i th  1 m l. 0 . 4  N 
h y d r o c h l o r i c  a c i d  and th e  m ix tu re  h e a te d  i n  a b o i l i n g  w a t e r -  
b a t h  f o r  15 m in u te s  to  h y d ro ly z e  th e  H A , A f te r  c o o l in g ,
4 m l. d ip h e n y la m in e  r e a g e n t  were added and th e  s o l u t i o n s  
th o r o u g h ly  m ixed and r e p l a c e d  i n  th e  w a te r  b a th  f o r  a 
f u r t h e r  6 m in u te s .  A f t e r  c o o l i n g ,  th e  i n t e n s i t y  o f  the  
c o lo u r  d e v e lo p ed  was m easured  i n  a H i lg e r  "Spekker"  p h o to ­
e l e c t r i c  a b s o r p t io m e te r  f i t t e d  w i th  I l f o r d  y e llo w  f i l t e r s  
(H o .6 0 6 ) .  A r e a g e n t  b la n k  was a l s o  p r e p a r e d ,  in  which the 
1 m l 0 o f  R e s id u a l  F r a c t i o n  was r e p l a c e d  by  1 m l. o f  0 .2  N 
sodium  h y d r o x id e .  A c a l i b r a t i o n  c u rv e  f o r  th e  method was 
p r e p a r e d  u s i n g  s e r i a l  d i l u t i o n s  o f  a  s o l u t i o n  o f  p u r i f i e d  
c a l f  thymus DNA th e  c o n c e n t r a t i o n  o f  w h ich , i n  te rm s  o f  
I3HAP p e r  m l.,  had p r e v i o u s ly  been  d e te rm in e d .
E s t im a t io n  o f  ill A by u l t r a v i o l e t  a b s o r p t i o n  me asu r e ­
m ents  . The R e s id u a l  F r a c t i o n  to  be a n a ly s e d  was d i l u t e d  
w i t h  d i s t i l l e d  w a te r  so t h a t  the  f i n a l  c o n c e n t r a t i o n  o f  DHAP 
was be tw een  0 .4  and 4 .0  jxg. p e r  m l. The e x t i n c t i o n  o f  
t h i s  d i l u t e d  s o l u t i o n  vjas m easured  a t  260 and 290 mjui. in  a 
Beckman KJ s p e c t ro p h o to m e te r  o r  a Unicam SP 500 q u a r tz  
s p e c t r o p h o to m e te r ,  u s i n g  0 . 2  N sodium h y d ro x id e  s i m i l a r l y  
d i l u t e d  w i t h  d i s t i l l e d  w a te r  a s  a  b l a n k .  The d i f f e r e n c e  
be tw een  th e  two e x t i n c t i o n s  was assumed to  be p r o p o r t i o n a l  
to  t h e  amount o f  UNA p r e s e n t .  A c a l i b r a t i o n  cu rve  was 
p r e p a r e d  f o r  t h i s  m ethod u s i n g ,  a s  i n  th e  p re v io u s  m ethod,
s e r i a l  d i l u t i o n s  01 a s o l u t i o n  o f  p u r i f i e d  c a l f  thymus DNA 
o f  known DNAP c o n c e n t r a t i o n .
T e s ts  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  S t a t i s t i c a l  
a n a ly s e s  o f  th e  r e s u l t s  o b ta in e d  in  th e  p r e s e n t  s e r i e s  of 
e x p e r im e n ts  w i l l  be fo u n d  i n  S e c t io n  2 . 6  ( fo l lo w in g  p .  124). 
S tu d e n ts  ,ft lf t e s t  was u se d  t o  a s s e s s  th e  s i g n i f i c a n c e  o f  
th e  d i f f e r e n c e  be tw een  th e  mean v a lu e s  of two g roup s  o f  d a t a .  
Where more th a n  two g ro u p s  of d a ta  were compared a n a l y s i s  
o f v a r i a n c e  (S n e d ec o r ,  1946; B row nlee, 1948) was u s e d .
The c o n v e n t io n a l  n o t a t i o n ,  P <  0 ,0 5 ,  P ■< 0 .0 2 ,  P -< 0 . 0 1 ,
P -< 0 .0 0 1  i s  u s e d  below t o  i n d i c a t e  s i g n i f i c a n c e  on th e  
5/i, 2%, 1% and Q. 1% l e v e l s  r e s p e c t i v e l y .  In  some o f  th e  
T a b le s  t h e  c o n v e n t io n a l  a b b r e v i a t i o n s  S.D. and S .E , a r e  u sed  
t o  s i g n i f y  s t a n d a r d  d e v i a t i o n  and  s t a n d a r d  e r r o r  o f  th e  mean 
r e s p e c t i v e l y .
2 .3  Re s u i t s .
DNA c o n te n t  pe r  n u c le u s  in  d i f f e r e n t  t i s s u e s .  The
mean v a lu e s  f o r  t h e  DHA c o n te n t  o f  t h e  n u c l e i  o f  v a r io u s
r a t  t i s s u e s  a r e  shown in  T ab le  20 e x p re s s e d  in  te rm s  o f
-12p ico g ram s ( p g . ) MAP p e r  n u c le u s  ( l  pg . = 10 g #) .  The
ag reem en t be tw een  t h e  t h r e e  m ethods o f  e s t im a t io n  I s  r e a s o n ­
a b ly  good a l t h o u g h  f i g u r e s  o b ta in e d  by th e  d eoxypen tose  
m ethod te n d  to  be h i g h e r  th a n  t h o s e  found by th e  o th e r  two 
m e th o d s .
T ab le  20
Mean -ail ties for the nucleic acid content, in terms of deoxyribonucleic acid phosphorus (DNAP) and 
ribonucleic acid phosphorus {UN A P), of cell nuclei isolated from tissues of inale albino rats on stock diet
( R e s u l t s  a r c  g iv e n  ± s .K .  T h e  f ig u r e s  in  b r a c k e ts  r e p r e s e n t  t h e  n u m b e r  o f  o b s e r v a t io n s .  A d u lt  r a ts  w e ig h e d  1 9 5 - 2 5 0  g . ; 
y o u n g  r a t s  w e ig h e d  3 5 - 9 0  g .)
U N A P  (p g ., n u c le u s )  a s  d e t e r m in e d  b y
S t a g e  o f ,-----------------------------------------------------------------*---------------------------------------------------------------- ^
d e v e lo p m e n t P h o s p h o r u s I ) e o x y  p e n t o s e U lt r a v io l e t R a n g e  o f  R N A 1
T is s u e o f  a n im a ls e s t im a t io n e s t im a t io n a b s o r p t io n ( p g ./n u c le u s )
K id n e y A d u lt 0 -6 5 2  ±  0 -0 2 0 2 0 -6 6 4  ± 0 - 0 2 8 4 0 -6 6 3  ± 0 - 0 1 4 5 0 -0 8 8 -0 - 2 1 1
(8 ) - . ( 7 ) (8)
Y  o u n g 0 -6 5 4  ±  0 -0 1 6 7 0 -7 0 2  i  0 -0 4 4 0 0 -6 3 6  ± 0 - 0 0 7 7 0 - 0 5 5 -0 - 1 3 9
(3) (2) (3)
S p le e n A d u lt 0 -6 3 3  ± 0 - 0 2 4 7 0 -6 6 2  ; 0 -0 4 5 4 0 -6 3 4  ± 0 - 0 2 8 1 0 - 0 5 7 -0 - 1 5 6
(8 ) (8) (8)
Y o u n g 0 -6 8 5  ± 0 - 0 2 7 8 0 -7 2 6  ± 0 - 0 0 4 0 0 -6 9 4  ± 0 - 0 4 5 5 0 - 0 5 5 -0 - 1 6 3
(3) (2 ) (3)
L u n g A d u lt 0 -6 5 1  ± 0 - 0 3 1 1 0 -6 9 2  4 -  0 -0 3 8 8 0 -6 4 7  ± 0 - 0 2 8 3 0 - 0 3 1 -0 - 2 6 2
(6 ) (5) (6)
Y o u n g 0 -5 9 5 — 0 -5 9 5 0 -0 6 7
(1 ) (1 )
S m a ll  i n t e s t in e A d u l t 0 - 7 3 8 ± 0 - 0 1 7 5 0 -7 7 6  ± 0 - 0 1 5 7 0 -6 8 4  ± 0 - 0 2 5 0 0 -1 3 6 -0 -1 9 1
(4) (4) (4)
Y o u n g 0 -7 2 8 — 0 -7 1 2 0 -2 4 4
(1 ) (1 )
S a l iv a r y  g la n d A d u lt 0 -7 3 3  ± 0 - 0 1 7 0 — 0 -6 6 3  ± 0 0 1 1 0 0 - 1 0 6 - 0 - 2 5 8
(2 ) (2 )
Y o u n g 0 -6 3 7 — 0 -6 2 6 0 -2 0 8
(1 ) (1 )
L e u c o c y t e s A d u lt 0 -6 4 1  ± 0 - 0 5 0 8 — 0 -6 6 1 —
(4 ) w
H e a r t A d u l t 0 -6 2 7 — 0 -6 8 9 —
(1 ) (1 )'
B o n e  m a r r o w A d u lt 0 -6 7 0 — — —
( 1)
P a n c r e a s A d u l t 0 -7 1 2  ± 0 - 0 0 1 0 — 0 -7 2 6  ±  0 -0 0 5 0
(2 ) (2 )
T h y m u s Y o u n g 0 - 7 1 8 ± 0 - 0 2 1 5 0 -7 1 9  ± 0 - 0 4 5 0 0 - 6 6 0  ± 0 0 3 6 5 0 - 0 5 0 -0 - 1 2 7
(4 ) (4 ) (4)
L iv e r A d u lt 0 - 9 1 3 ± 0 - 0 1 1 5 0 - 9 2 8 ± 0 - 0 1 9 0 0 -8 7 0  ± 0 - 0 1 5 7 0 - 1 0 3 -0 - 2 3 2
(3 8 ) (3 0 ) (3 8 )
Y o u n g 0 -7 5 8  ± 0 - 0 1 9 8 0 -7 8 8  ± 0 - 0 2 6 7 0 -7 5 9  ± 0 - 0 1 5 2 0 -1 3 4 -0 -2 5 1
(1 3 ) (1 1 ) (1 3 )
E m b r y o 0 - 7 8 0 ± 0 - 0 7 1 7 0 -8 4 1  ± 0 - 0 8 5 0 0 -7 2 1  ± 0 - 0 7 6 3 0 -1 0 8
(4 ) (4 ) (4 )
The v a lu e s  o b ta in e d  f o r  tlie  n o n - h e p a t ic  t i s s u e s  ape 
o f  th e  o r d e r  o f  0 .6 5  - 0 .7 0  pg , MAP p e r  nucleuis ( e q u iv a le n t
to  6 .7  -  7 .2  pg . n>TA) a l th o u g h  sm a ll  i n t e s t i n e  in  young
a n im a l s ,  and s a l i v a r y  g la n d ,  s m a l l  i n t e s t i n e  and p a n c re a s  
i n  a d u l t s  a l l  g iv e  s l i g h t l y  h i g h e r  f i g u r e s .  A n a ly s is  o f  
v a r i a n c e ,  how ever, shows t h a t - n o  m a t t e r  which o f  the  t h r e e  
m ethods o f  e s t i m a t i n g  DNA i s  u se d  t h e r e  i s  no s i g n i f i c a n t  
d i f f e r e n t  be tw een  th e  mean v a lu e s  found  f o r  th e  d i f f e r e n t  
n o n - h e p a t i c  t i s s u e s  o f  e i t h e r  th e  young o r  th e  a d u l t  r a t  
( s e e  T a b le s  28 , 2 9 , 5 0 ,  3 1 ,  32 and 3 3 ) .
L iv e r  n u c l e i  from  a d u l t  r a t s ,  on th e  o th e r  h a n d , 
g iv e  a v a lu e  o f  t h e  o r d e r  o f  0 .9  pg. MAP ( e q u iv a le n t  to
9*3 p g .  DNA), w h ich  d i f f e r s  v e r y  s i g n i f i c a n t l y  from  th e  
v a lu e s  o b ta in e d  f o r  th e  n o n - h e p a t ic  t i s s u e s  (see  '*t!' t e s t s  
f o r  each o f  the  t h r e e  methods o f  e s t im a t io n  shown in  T ab le s  
3 4 ,  35 and  3 6 ) .  The c o r re s p o n d in g  f i g u r e s  f o r  young r a t s  
and embryos a r e ,  how ever, much low er and c l o s e r  to  th o se  
f o r  th e  n o n - h e p a t i c  t i s s u e s .  The d i f f e r e n c e  betw een th e  
young and a d u l t  a n im a ls  in  r e s p e c t  o f  av e rag e  DNAP c o n te n t  
p e r  n u c le u s  i n  th e  l i v e r  i s  h i g h ly  s i g n i f i c a n t ,  i r r e s p e c t i v e  
o f  t h e  m ethod u se d  to  e s t im a te  DNA (see  Table  3 7 ) .  The 
c o r r e s p o n d in g  d i f f e r e n c e  betw een  embryos and a d u l t s  i s  
s i g n i f i c a n t  i n  th e  c a se  o f  the  ph osphorus  and u l t r a v i o l e t  
a b s o r p t i o n  m ethods o f  e s t im a t i n g  if!A b u t  n o t  in  th e  case  o f
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t h e  d eoxy pen to se  method (see  T able  3 8 ) ,  None of the  t h r e e  
m ethods o f  e s t im a t in g  IMA r e v e a l s  a s i g n i f i c a n t  d i f f e r e n c e  
in  a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  betw een th e  l i v e r s  o f  
t h e  young r a t s  an d  th e  embryos (see  T able  3 9 ) .
DNA c o n te n t  p e r  n u c le u s  i n  l i v e r  t i s s u e . Table  2 1 ,  
S e c t io n  1 shows th e  e f f e c t s  o f  se x ,  s t r a i n ,  body w e ig h t  and 
p reg n an cy  i n  th e  DNAP c o n te n t  o f  t h e  l i v e r  n u c l e i .  The 
mean v a lu e s  f o r  th e  d i f f e r e n t  g roup s  of a n im a ls  f a l l  ve ry  
c lo s e  t o g e t h e r  and  a n a l y s i s  o f  v a r ia n c e  f o r  each  o f  the 
t h r e e  m ethods o f  e s t im a t i o n  does n o t  i n d i c a t e  t h a t  th e  
s l i g h t  d i f f e r e n c e s  betw een them  a re  s i g n i f i c a n t  (see  T ab les  
40 , 41 and 4 2 ) .
The e f f e c t  o f  v a r io u s  d i e t a r y  t r e a tm e n t s  on th e  
a v e ra g e  DNAP c o n te n t  o f  th e  l i v e r  n u c l e i  i s  shown i n  Table  
2 1 ,  S e c t io n  2 . Once a g a in  a n a l y s i s  o f  v a r ia n c e  f o r  each  
o f  th e  t h r e e  m ethods of e s t i m a t i o n  does n o t  i n d i c a t e  t h a t  
t h e  s m a l l  d i f f e r e n c e s  betw een  th e  means f o r  th e  d i f f e r e n t  
g ro u p s  o f  a n im a ls  a r e  s i g n i f i c a n t  (see  T ab le s  4 5 ,  44 a id  4 5 ) .  
The e f f e c t  o f  a d i a b e to g e n ic  dose o f  a l l o x a n  i s  shown in  
T able  2 1 , S e c t io n  3 .  The v a lu e s  o f  nt H found f o r  each  o f  
th e  t h r e e  m ethods of e s t im a t i o n  (see  Table  46) do n o t  i n d i ­
c a t e  a s i g n i f i c a n t  change i n  th e  av e rag e  DNAP c o n te n t  o f  the  
l i v e r  n u c l e i ,  a l th o u g h  D ie rm e ie r  e t  a l ,  (1951) have r e p o r t e d  
t h a t ,  i n  th e  r a t ,  a l lo x a n  c au se d  a 12/6 i n c r e a s e  i n  th e  DNA 
c o n t e n t  o f  round  l i v e r  n u c l e i  o f  ab o u t 7 j u  d ia m e te r .
RKA c o n te n t  o f i s o l a t e d  n u c l e i . F ig u re s  f o r  th e  
a v e ra g e  RNAP c o n te n t  o f  th e  i s o l a t e d  n u c le i  a re  a l s o  p r e ­
s e n t e d  i n  T a b le s  20 and 21 . In  Table  20 th e y  a re  e x p re s s e d  
a s  a  ran g e  s in c e  o n ly  a few r e s u l t s  were a v a i l a b l e  f o r  e a c h  
t i s s u e  and t h e s e  showed a w ide s c a t t e r .  The r e s u l t s  ob­
t a i n e d  f o r  l i v e r  n u c l e i  were r a t h e r  more numerous and con­
s i s t e n t  and  a re  t h e r e f o r e  e x p re s s e d  as mean v a lu e s  w i th  
s t a n d a r d  e r r o r s  (T able  2 1 ) .  They m ust, how ever, be i n t e r ­
p r e t e d  w i t h  c o n s id e r a b le  c a u t io n  s in c e  a l th o u g h  n u c l e i  a re  
known t o  c o n ta in  some RNA (see  S e c t io n  1 .7  above) t h i s  
c o n s t i t u t e s  on ly  a sm a ll  p r o p o r t io n  o f  the t o t a l  RITA of t h e  
t i s s u e  ( s e e  e s p e c i a l l y  V e n d re ly  A V e n d re ly ,  1948; Bamurti e t  
a l . ,  1950 ; A l l f r e y  e t  a l . , 1952; L e u c h te n b e rg e r ,  L eu c h te n -  
b e r g e r ,  V e n d re ly  & V e n d re ly ,  1952; Mclndoe 3c D avidson ,
1952; M a u r i tz e n  e t  a l . ,  1 9 5 2 ) .  The a p p a r e n t  KNA c o n te n t  
o f  i s o l a t e d  n u c l e i  w i l l  t h e r e f o r e  be s u b s t a n t i a l l y  i n c r e a s e d  
i f  th e y  a r e  c o n ta m in a te d  w i t h  c y to p la s m ic  d e b r i s .  N ever­
t h e l e s s ,  i t  i s  o f  i n t e r e s t  t o  o b se rv e  t h a t  f a s t i n g  a p p e a rs  
t o  c au se  a  d e c r e a s e  i n  th e  a v e ra g e  RMA c o n te n t  o f  th e  
n u c l e i  and t h a t  ( i n  ag reem en t  w i th  L a i r d ,  1952) t h i o -  
a c e ta m id e  a p p e a r s  t o  c au se  an  i n c r e a s e .
C om posit ion  o f  whole l i v e r  t i s s u e .  The r e s u l t s  of 
t h e  a n a ly s e s  o f  w h o le  l i v e r  t i s s u e  a r e  shown in  T ab le  22 
e x p re s s e d  a s
Tahie 22
T a b le  21
T r e a t m e n t  o f  a n i m a l  
S e c t i o n  1. S t o c k  d i e t  (a )
S e c t i o n  2 .  S t o c k  d i e t  (a)
Section 3.
S t o c k  d i e t  ( a)
F a s t  ( 7 2  h r . )  a f t e r  
s t o c k  d i e t
H i g h  - f a t  d i e t  f o r  
14  d a y s
H i g h - f a t  d i e t  f o r  
3 5  d a y s
Section 4.
S e m i - s y n t h e t i c  d i e t  (b)
F a s t  ( 4 8  h r . )  a f t e r  
d i e t  (b)
P r o t e i n - f r e e  d i e t  (r)  
f o r  7  d a y s
P r o t e i n - f r e e  d i e t  (c) 
f o r  15  d a y s
T h i a m i n e - d e f i c i e n t  
d i e t  f o r  21  d a y s
T h i o a c e t a m i d e -  
c o n t a i n i n g  d i e t  f o r  
7  d a y s
Section 5.
Alloxan-diabetic rats
Controls for alloxan- 
diabetic rats
Mean composition of rat liver tissue in terms of lipid phosphorus (LP), protein nitrogen (PN), ribonucleic acid phosphorus (USAP) and deoxyribonucleic acid phosphorus (US A P)
( R e s u l t s  a r e  g i v e n  ± s . K .  e x c e p t  w h e r e  s t a t e d .  T h e  f ig u r e s  i n  b r a c k e t s  a r e  t h e  n u m b e r  o f  o b s e r v a t i o n s . )
B o d y  w t .  
f t r . 4 - s .D . l L P P N R N A P D N A P
Ll> D N A P
L P
( Pg-M ’g-
P N R N A P
S t r a i n  a n d . L i v e r  w t . ( m g ./100 g . ( m g . / l o O  g . (mg. /K M ) g. ( m g . / lO O  g. P N R N A P ( l ’g - /P g - ( p g - ; p g -
sex I n i t i a l F i n a l (g-) l iv e r ) l i v e r ) l iv er ) l iv er) ( m g . , l i v e r ) ( m g . / l i v e r ) ( m g . / l i v e r ) (mg.y  l iv e r )
D N A P ) D N A P ) D N A P )
A l b i n o ,  M . 212± S 7 - 0 7 x 0 - 1 9 0 1 3 2 - 8  ^ 3  3 1 2 5 2 3 4  64-1 9 3 - 2  ± 1 - 5 5 2 1 - 0  ± 0 - 0 6 4 10-21 ± 0 - 2 7 8 194 x -7 -2  1 7 - 1 9 x 0 - 1 9 7 1 -tiO i  0 - 0 5 3 4 0 - 2 8 x 0 - 2 0 4 1 2 0 - 3  ± 4 - 9 3 4 - 3 8 x 0 - 1 2 0
(2 4 ) (2 3 ) (23) (1 4 ) (23) (2 3) (2 3 ) (1 4 ) (2 3 ) (2 3 ) (2 3 ) ( 1 4 ) (2 3 )
H o o d e d ,  M . 2 1 5  12 7 - 2 8 x 0 - 2 0 2 1 4 2 - 0  : 4  3 0 2 0 1 8  ±  5 5 -7 91-1  ± 1 - 8 9 2 2 - 9 x 0 - 8 8 4 1 0 - 2 9 x 0 - 4 1 5 189 -  3 0 5 0 - 5 5 x 0 - 2 1 8 1 -03  — 0 - 0 0 4 5 0 - 4 0  - 0 - 3 0 8 1 1 0 -3  ± 0 - 2 5 4 - 0 4  • 0 - 1 4 8
( 12) ( 12) ( 11) ( 11) ( 11) ( 11) 01) Ml) ( 11) ( 11) (U) ( 11) ( 11)
A l b i n o ,  M. 2 7 0  x  10 8 - 5 3 x 0 - 2 1 2 1 2 7 - 7 x 3 - 5 0 2 4 0 1  ± 5 3 - 0 9 0 - 3  ± 3 - 8 1 21-0±  1-01 10-91  ± 0 - 4 5 9 2 0 8 - ,  2 - 2 4 7 - 0 9  4 0 - 3 3 8 1 - 7 9 x 0 - 0 8 7 2 0 - 2 2 x 0 - 3 4 0 1 1 2 - 5 ± 4 - 9 7 4 - 3 2 x 0 0 8 8 5
( 10) ( 10) ( 10) (0) ( 10) ( 10) ( 10) (0) ( 10) ( 10) ( 10) (0) ( 10)
H o o d e d ,  .M. '__ 281 i l l 8 - 8 3  ± 0 - 4 0 1 141-1 ± 4 - 7 0 2 5 4 5  i 9 5 - 8 9 4 - 0  ± 3 - 0 2 2 2 -2  ± 0 - 9 4 0 1 2 - 4 3 ± 0 - 0 3 - : 2 2 4  ± 9 - 8 0 8-31 x  0 - 5 4 0 1-90 ± 0 - 1 2 0 0-41  4 0 - 2 4 9 1 15 - 8 ±  5 - 7 9 4 - 2 5  - 0 - 1 1 2
(8) (8) (8) (8) (8) (8) (8) (8) (8) (8) (8) (8) (8)
A l b i n o ,  F . _ 2 0 7  1 8 0 - 5 5  x  0 - 3 4 8 1 23 -9  ± 2 - 8 9 2 5 2 2  i - S l - 3 9 9 - 9  4 2 - 8 0 2 7 - 4 ± 0 - 4 7 9 S - 0 t i ± 0 - 3 l 8 158  47.39 0 - 5 0 x 0 - 4 3 9 1 - 8 0 x 0 - 0 9 8 0 4 - 5 2 x 0 - 1  13 9 1 -7  ± 5 - 9 7 3 - 0 4 x 0 - 0 8 8 0
(8) (8) (8) (3) (8) (8) (8) (3) (8) .  ( s ) (8) (3 ) (8)
H o o d e d ,  F . __  , 2 1 5  - 13 0 - 9 0  ± 0 - 2 9 5 125 -5  ± 2 - 4 4 2 5 9 8  — 7 0 -5 9 9 -7  . -2 -9 8 2 7 -7  ± 1 - 2 0 8 - 0 8  , 0 - 3 0 0 i s o  st-:.') 0-9 4  • 0 - 3 0 3 1-9 3  0-1 10 4 - 4 9  • 0 - 2 3 5 9 2 - 2 - 4 - 5 1 3 - 5 1 0 - 0 8 0 5
( 11) ( 11) ( 11) ( 11) ( 11) 01) ( I D M i ) M l ) ( 11) ( 11) ( 11) ( 11)
A l b i n o ,  F. 199  -  1 I 6 - 5 9  ± 0 - 2 0 0 127-1  ± 2 - 1 4 2 5 0 0  ±  55 -1 9 8 - 0  ± 1 - 7 1 2 0 - 9  ± 0 - 4 0 0 8 - 3 3 ± 0 - 3 1 2 159 ± 8 - 2 0 0-51  x  0 3 3 2 1-77  - 0 - 0 6 9 8 4 - 7 3  -• t)-1 09 9 5 - 4 - 2 - 9 3 3 - 0 7 -  0 - 0 7 1 0
(1 4 ) (1 4 ) (1 4 ) (8) (1 4 ) (14) (1 4 ) (8) (1 4 ) (4 4 ) (1 4 ) (8) (1 4 )
A l b i n o ,  F . _ 2 3 4  • 17 7 0 5  - 0 - 2 5 8 1 3 5 - 0 4 - 3 - 8 0 2 5 3 1  ± 0 1 - 5 1 1 4 - 9  4 4 - 2 2 2 4 - 4 ± l - 1 7 1 0 - 2 4  - 0 - 3 7 2 1 9 2 x 9 - 8 1 8 - 0 9  m- 0 - 2 7 0 I -84  ; 0 - 0 7 0 8 5-01  -  0 - 2 1 2 1 0 0 - 8 - 4 - 9 0 4 - 7 9  - 0 - 2 4 4
( p r e g n a n t ) ( 11) ( 11) ( 10) (8) ( 10) ( 10) ( 10) (8) ( 10) ( 10) ( 10) (8) ( 10)
A l b i n o _ _ __ __ 0 0 - 4 8  ± 3 - 5 2 — 8 9 - 9 x 3 - 4 0 4 5 - 9  4 3 -4 0 — — — — 1 - 3 3 -r-0 - 0 8 3 — 1-98  • 0 - 1 4 0
( e m b r y o ) (4) (4) (4) (4) (4)
A l b i n o ,  M. 3 5 - 9 0 __ 121 -5 ± 3 - 0 9 2 3 5 8  4 3 9-2 l ( M H ) ± 2 - 4 8 2 5 - 0  - 0 - 7 9 9 — 4 - 7 9  ±  0 - 1 4 0 8 9 - 9 x 2 - 3 2 3 - 9 3  - 0 - 0 8 0 5
(1 3 ) (11) 0 3 ) (13) (1 3 ) (0) (1 3 )
A l b i n o ,  M. __ 2 21  4 - 1 4 7-94-1 0 - 1 4 9 1 3 1 -4  1-2-24 2 4 0 9 x 4 7 - 7 9 1 - 8 ± l - 3 2 2 1 - 9  ; 0 - 4 7 9 1 0 - 5 1 x 0 - 2 1 3 19 8  ± 4 - 7 8 7 - 3 5 x 0 - 1 0 0 1-75  ± 0 - 0 4 5 8 0 - 1 4 4 - 0 - 1 8 2 1 1 6 - 0 x 3 - 5 7 4 - 2 7  ± 0 - 0 9 2 5  
(41)( 4 3 ) ( 4 3 ) (4 1 ) (2 7 ) (41) (41) ( 4 1 ) ( - 7 ) (4 1 ) (4 1 ) (4 1 ) ( 2 7 )
A l b i n o ,  M . 2 2 4  • 12
(")
1 9 0 -i 11
(V)
4 - 8 9 -  0 1 5 8
(V)
1 4 1 -4  x  2 -9 8  
(V)
2 9 5 5 -  4 - 9 5
h
109-1 -  4 - 8 0
(V)
33 -4  • 1-04
(V)
0-91  j- 0 - 2 0 0
(7)
15 0  ± 8 - 4 9  
(2)
5 - 3 3  ; 0 - 2 9 2
(7)
1 - 0 3 x 0 - 0 9 1 4
(7)
4 - 3 0  0 - 2 4 0  
(7)
8 7 - 1 x 2 - 3 0
(3)
3 - 2 8  - 0 - 0 9 8 7
(7)
A l b i n o ,  M . 2 2 3  4  7 
(IV )
1 9 8  : 17 
(IV )
9-01 - 0 - 4 5 5
( iv)
8 9 - 0  - -3 -14  
(IV)
1 9 2 2  i -7 4 - 5  
(V)
08-1  4 4. ps
(17)
2 0 - 0  ± 0 - 7 3 1  
(1 7 )
7 -9 4  0 - 4 0 4  
(1 7 )
1 8 2 - 9 - 2 2
(7)
0-01 ± 0-200 
(1 7 )
1-82  • 0 - 0 8 1 0  
(1 7 )
4 - 2 7  ± 0 - 1 7 9  
(1 7 )
9 5 - 4 ± 4 - 8 6
(7)
3 - 3 3 x 0 - 0 8 3 9
(1 7 )
A l b i n o ,  \ I . 2 1 7  0
(3)
1 84  • 1 1
(3)
8 - 4 0  • 0 - 3 7 8  
(3)
92-1 - 1 -97
(3)
1891 i  9 4 - 0  
(3)
07-1  • 2 -3 8  
(3)
2 0 - 0  4 1-4;}
(3)
7 - 7 3 x 0 - 2 5 0
(3)
1 5 8  ± 9 - 2 4  
(3)
5 - 0 3  m 0 - 2 7 7
(3)
1 -07 ± 0 - 1 0 9
(3)
4  (i4 -  0 - 2 2 0
03)
9 5 - 0  ± 2 - 3 8  
(3)
3 - 3 7  -  0 - 1 2 4
(3)
Albino,  M. — 2 2 3  : 12 8 - 2 2  0 - 1 7 8 110 -5  • 2 - 0 2 2 3 8 0  x  1 1 0 -0 9 1 - 9 x 2 - 4 4 21-1  ± 0 - 7 0 2 9 - 0 0  x  0 - 2 2 9 1 9 3 x 8 - 7 0 7 - 5 3  ± 0 - 2 9 7 1-73 • 0 - 0 7 6 2 5 - 2 0  - 0 - 1 5 7 1 1 0 - 4  +- 7 - 8 0 4 - 3 8  4 Q - 0 8 9 0
(1 0 ) (1 0 ) (1 5 ) (0) (1 5) (15) (1 5 ) (0) (1 5 ) (1 5 ) (1 5 ) (0) (1 5 )
Albino, M. 2 1 9  - 7 
(1 4 )
2 0 5  - 11
( 1 4 )
5 - 5 3  t 0 - 1 79  
(1 4 )
1 3 9 - 8  • 2 - 3 0  
(1 3 )
2 0 0 3  ± 8 2 - 6  
(8)
1 0 7 -7  ± 2 - 3 3  
(1 3 )
3 3 - 3  ±  0 - 8 9 9  
(1 3 )
7 - 0 8  4 o - 2 0 0  
(1 3 )
140  ± 0 - 3 0  
(8)
5 - 9 3  0 - 2 0 7  
(1 3 )
1 -83 - j- 0 -O 5 5 0  
( 1 3 )
4 - 2 2  ;- 0 - 1 0 0  
(1 3 )
7 9 - 2  ± 3 - 0 2  
(8 )
3 - 2 5  4 0 - 0 0 3 1  
(1 3 )
Albino,  M. 2 2 3  ± 0 1 9 9  i 10 0 - 3 0  +  0 - 2 0 9 9 0 - 8  ± 3 - 1 3 2 0 8 0  ± 104-1 8 1 - 6 ± 2 - 3 7 2 5 - 5  ± 0 - 0 5 0 6 - 0 7  ± 0 - 2 2 8 1 3 3  4 - 7 - 8 9 5-11  ± 0 - 1 4 3 1 - 0 0  ±  0- O 6 0 0 3 - 7 9  ■ 0 - 0 5 4 5 8 1 - 9 - 4  6 - 4 0 3 - 2 0 ± 0 - 0 4 8 8
(1 3 ) (1 3 ) (1 3 ) (1 2 ) (8) (1 2 ) (1 2 ) (1 2 ) (8) (1 2 ) (1 2 ) ( 1 2 ) (8) (1 2 )
Alb ino,  M. 2 1 7  f S  
( 1 2 )
1 S 0 ± 1 5
(1 2 )
5 - 0 9  ± 0 - 3 0 2  
( 1 2 )
101 -5 ± 1 - 9 9  
(1 2 )
1 8 4 5  ± 8 2 - 7  
(8)
9 2 - 2  ± 1 - 4 0  
(1 2 )
2 9 - 4  ± 0 - 7 4 5  
(1 2 )
5 - 7 7  ; 0 - 3 2 3  
(1 2 )
1 0 8  4 -7 -2 1  
(8)
5 - 2 2  ± 0 - 2 4 7  
(1 2 )
1-07  ± 0 - 0 !  109 
(1 2 )
3 - 4 0  4  0 - 0 8 4 5  
(1 2 )
0 2 - 3  ± 1 - 8 0  
(8)
3 - 1 6 ± 0 - 0 8 9 4
(1 2 )
Albino,  M. 2 2 8  ± 2 0 1 90  ±  17 5 - 4 3  ± 0 - 2 0 7 130-1  ± 6 - 3 3 2 9 4 5  ± 1 3 5 - 0 9 8 - 0  ± 2 - 9 1 3 3 - 9  ± 1 - 3 8 7 - 0 2  i 0 - 3 3 7 1 5 3  1 0 -8 0 5-31  * 0 - 2 1 2 1-83 ± 0 - 0 6 1 0 3 - 8 6  ± 0 - 1 5 4 8 3 - 4  ± 8 - 0 7 2 - 9 3  ± 0 - 1 2 4
(1 0 ) ( 1 0 ) (1 0 ) (1 0 ) (0) (1 0 ) . (1 0 ) (1 0 ) (0) (1 0 ) ( 1 0 ) (1 0 ) (5) ( 1 0 )
Albino, M. 2 1 5  ±  12  
(4 )
2 0 4  ± 1 8  
(4 )
7 - 9 3  l 0 - 6 8 8  
(4 )
1 1 1 - 7  ± 1 - 6 8  
(3 )
2 0 4 8  1-19-2  
(2)
8 9 - 3  4  2 - 0 8
(3)
2 2 - 5  i 0 - 6 1 8  
(3)
9 - 3 3  4 - 0 - 7 3 5  
(3)
1 8 3  ± 2 0 - 5  
(2 )
7 - 4 4  ± 0 - 4 8 0  
(3)
1 -8 8  ± 0 - 1 5 6 0  
(3)
4 - 9 8  ± 0 - 1 7 9  
(3)
9 0 - 3  ± 4 - 6 5  
(2)
3 - 9 8 ± 0 - 1 0 7
(3)
A l b i n o ,  M .
Albino, M.
210 ± 8 
(5) 
212±2 
(4)
1 8 7  ±  16  6 - 2 4  ± 0 - 3 0 0  1 2 8 - 6 ± 4 - 3 8  
( 5 )  (5 )  (5 )
2 1 3 ± 6
(4)
7 - 6 0  ± 0 - 1 5 8  1 1 9 - 3 ± 3 - 5 8
(4 )  (4 )
0 3 - 5  ± 4 - 9 1  2 5 - 7  ± 0 - 9 7 5  
(5) (5)
8 6 - 2 ± 2 - 7 5  2 3 - 2 ± 0 - 9 7 5  
(4 )  (4 )
7 - 9 8  ± 0 - 2 3 8
(5)
9 - 0 5  ± 0 - 1 6 1  
(4)
5 - 7 9  ± 0 - 2 0 6  
(5)
6 - 5 4  ± 0 - 1 7 6
(4)
1 -6 0  ± 0 - 0 5 5 9  
(•r>)
1 - 7 6  L- 0 - 0 6 9 0  
(4 )
5-01  ± 0 - 1 6 6 ,  
(5 )
5 - 1 6  ± 0 - 1 7 0  
(4 )
3 - 6 2  ±  0 - 0 6 6 6  
(•r>)
3 - 7 3  ± 0 - 0 6 1 0  
(4)
T i s s u e  m a s s
4 7 1 0 ±  1 3 0  
(2 3)
4 4 8 0 ±  2 1 0
(ID
4 8 8 0  ± 2 7 2  (10)
4 5 0 0  x 1 8 0  
(8)
3 0 5 0 x 0 1 - 9
(8)
3 0 7 0 ± 14 5  
(11)
3 7 2 0 ± 5 S - 0
(1 4 )
4 1 8 0 ±  182  
(10)
2220 ±101 
(4)
3 9 0 0  ± 1 3 7  
(1 3 )
4 6 6 0  ± 9 3 - 0
:u>30 L 1 48
A i
4 9 0 0 x 1 7 6
(1 7 )
5 0 6 0  ± 3 5 8  
(3)
4 s l o  . 1 6 0
(15)
3030 : 84-4 
(13)
3 9 5 0 ± 1 0 2112)
3 4 3 0  ± 9 0 - 2  (8)
2 9 9 0  ± 1 1 8  (10)
4 4 6 0 ± 1 2 0  
(3)
3910± 146 
(5)
4340 ±182 
(4)
30-2
(a)  c o n c e n t r a t i o n s  p e r  100 g . f r e s h  l i v e r ,
(b) t o t a l  amounts i n  mg. p e r  l i v e r ,  and
(c) pg . p e r  pg . MAP.
S in ce  th e  a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  i n  th e  l i v e r  o f  
th e  a d u l t  r a t  i s  ab o u t 0 .9  pg . i r r e s p e c t i v e  o f  i t s  s e x ,  
s t r a i n  and body w e ig h t ,  and o f  th e  d i e t  on i/fo i c h  i t  h a s  been  
m a in ta in e d ,  t h e  t h i r d  m ethod o f  e x p re s s io n  g iv e s  an a p p ro x i ­
m ate  e s t i m a t e  o f  th e  a v e ra g e  c e l l  c o m p o s it io n .  S i m i l a r l y ,  
t h e  t o t a l  DNAP c o n te n t  o f  th e  l i v e r  in  pg . (1 mg. = 109 p g . ) ,  
g i v e s  an a p p ro x im a te  e s t i m a t e  o f  th e  number o f  c e l l s  w hich  
i t  c o n t a i n s .  B oth  th e s e  e s t im a t e s  a r e  ap p ro x im a te  u n l e s s  
c o r r e c t i o n s  a r e  made (a )  f o r  th e  o c c u r re n c e  o f  b i n u c l e a t e  
c e l l s  i n  th e  l i v e r ,  and (b) f o r  th e  f a c t  t h a t  a p r o p o r t i o n  
o f  t h e  l i v e r  s u b s ta n c e  i s  e x t r a c e l l u l a r .  Methods a re  
a v a i l a b l e  by which th e  m agn itude  o f  b o th  t h e s e  c o r r e c t i o n s  
may be d e te rm in e d  b u t  u n f o r t u n a t e l y  th e y  a re  l a b o r i o u s  and 
o f  r a t h e r  d o u b t f u l  a c c u ra c y  ( K a r r i s o n ,  1953a, b ) .
The u s e f u l n e s s  o f  t h i s  method of e x p r e s s io n  may be 
a p p r e c i a t e d  f ro m  a c o n s i d e r a t i o n  o f  th e  d i f f e r e n c e s  i n  l i v e r  
c o m p o s i t io n  be tw een  m ale  and fem a le  r a t s  o f  t h e  same s t r a i n  
and o f  co m p arab le  body w e ig h t  (T ab le  2 2 ,  S e c t io n  1 ) .  I t  
w i l l  b e  seen  t h a t  i n  b o th  th e  a l b i n o  and hooded s t r a i n s  
t h e r e  i s  l i t t l e  d i f f e r e n c e  betw een th e  s e x e s  i n  th e  c o n c e n ­
t r a t i o n  of LP, PN, o r  RNAP p e r  100 g .  l i v e r .  The c o n c e n ­
t r a t i o n  of DNAP, on th e  o t h e r  h a n d ,  i s  abou t 20% h ig h e r  in  
f e m a le s  th a n  in  m a les  and t h i s  d i f f e r e n c e  i s  s i g n i f i c a n t  
(P <  0 .0 1  i n  b o th  s t r a i n s ,  s e e  T ab les  47 and 4 8 ) .  A 
s i m i l a r  d i f f e r e n c e  has  been  o b se rv ed  by Lowe & Salmon (1 9 5 1 ) . 
The t o t a l  amount o f  LP in  t h e  l i v e r  i s  s i g n i f i c a n t l y  low er 
i n  fe m a le s  th a n  in  m ales  (P <  0 .0 0 1  In b o th  s t r a i n s ,  see 
T a b le s  47 and 48) b u t  t h e  d i f f e r e n c e s  i n  t o t a l  amounts p e r  
l i v e r  o f  PN, KNAP and DNAP a re  o f  d ub ious  s i g n i f i c a n c e  
(see  T a b le s  47 and 48) and a r e  n o t  c o n s i s t e n t  be tw een  th e  
two s t r a i n s .  Yifhen, h ow ev er ,  th e  r e s u l t s  a re  r e f e r r e d  to  
DNAP i t  becomes c l e a r  t h a t ,  i n  th e  f e m a le ,  th e  av erag e  
mass o f  th e  c e l l ,  and  i t s  a v e ra g e  c o n te n t  o f  LP, PN and 
RNAP a r e  15 -  30 io lo w er  t h a n  i n  th e  m ale and t h a t  t h e s e  
d i f f e r e n c e s  be tw een  th e  se x es  a re  s i g n i f i c a n t  (see  T ab les  
49 and 5 0 ) .  U s ing  a  s i m i l a r  method H a r r i s o n  (1953b) has 
a l s o  fo u n d  t h a t  th e  l i v e r  c e l l s  o f  fe m a le  r a t s  have  a low er 
a v e ra g e  mass th a n  th o s e  o f  m a le s .  These r e s u l t s  a r e  i n  
ag reem en t w i t h  K o re n ch e v sk y 1s h i s t o l o g i c a l  o b s e r v a t i o n  t h a t  
t h e  mean c e l l  volume in  r a t  l i v e r  i s  g r e a t e r  i n  th e  male 
th a n  i n  th e  fem a le  (K orenchevsky , H a l l ,  Burbank & Cohen, 
1 9 4 1 ) .
S im i la r  c a l c u l a t i o n s  show t h a t  i n  p reg n an cy  (T ab le  
22, S e c t io n  2;  see  T ab le  51 f o r  s t a t i s t i c a l  a n a l y s i s )  th e  
t o t a l  amount o f  DNAP ( i . e . ,  number o f  c e l l s )  in  t h e  l i v e r
i s  n o t  s i g n i f i c a n t l y  a l t e r e d  b u t  th e  a v e rag e  c e l l  mass i n ­
c r e a s e s  by 12/o (P C  0 . 0 2 ) ,  th e  a v e ra g e  c e l l  c o n te n t  o f  LP 
by 20$ (P <  0 .0 0 1 ) ,  and o f  RNAP by 30$ (P •< 0 .0 0 1 ) .  No 
s i g n i f i c a n c e  can be a t t a c h e d  to  th e  a p p a re n t  i n c r e a s e  in  
a v e ra g e  c e l l  c o n te n t  o f PN. These r e s u l t s  a re  i n  ag reem en t 
w i th  th e  f i n d i n g  of Campbell 8c K o s t e r l i t z  (1949) t h a t  i n  
th e  r a t  p re g n a n c y  c a u se s  a  marked i n c r e a s e  in  th e  t o t a l  
RNA o f  th e  l i v e r .
Some f i g u r e s  f o r  t h e  c o m p o s i t io n  of l i v e r  t i s s u e  
from  young r a t s  and embryos a re  a l s o  in c lu d e d  in  T able  22 , 
S e c t i o n  2 .  The l i v e r  o f  th e  young an im a l  h a s  a c o m p o s it io n  
n o t  u n l i k e  t h a t  o f  t h e  a d u l t ,  b u t  th e  embryo l i v e r  c o n ta in s  
a b o u t  tw ic e  as  much DNAP and o n ly  a b o u t  h a l f  as  much LP p e r  
100 g .  f r e s h  w e ig h t .  Making a llo w an ce  f o r  th e  f a c t  t h a t  
t h e  mean DNAP c o n te n t  p e r  n u c le u s  i s  lo w e r  i n  t h i s  t i s s u e  
t h a n  i n  a d u l t  l i v e r  (0 .7 5  pg . a s  compared w i th  0 .9 0  p g . ) 
i t  would a p p e a r  t h a t  th e  c e l l s  i n  th e  embryo l i v e r  a r e ,  on 
th e  a v e r a g e ,  o n ly  h a l f  a s  l a r g e  a s  th o s e  i n  th e  a d u l t  o rgan  
and t h a t  th e y  c o n t a i n  o n ly  h a l f  a s  much RNAP and  a q u a r t e r  
a s  much LP. In  view o f  t h e  w e ll-kn ow n  d i f f e r e n c e s  i n  
f u n c t i o n  be tw een  t h e  embryo and a d u l t  o rg a n s  ( e . g . ,  a s  
M c K e lla r ,  1949 , h a s  shown, h a e m o p o ie s is  o c c u r s  in  th e  fo rm e r  
b u t  n o t  i n  th e  l a t t e r )  t h e s e  d i f f e r e n c e s  i n  a v e ra g e  c e l l  
c o m p o s i t io n  a r e  h a r d l y  s u r p r i s i n g .
94-.
E f f e c t s  of v a r io u s  d i e t s . In  c o n s id e r in g  t h e  
e f f e c t s  o f  t h e  v a r io u s  d i e t a r y  t r e a tm e n t s  shown i n  S e c t io n s  
3 and  4 o f  T ab le  22 i t  i s  c o n v e n ie n t  to  c o n s id e r  s e p a r a t e ­
l y  t h e i r  e f f e c t  on th e  t o t a l  number o f  c e l l s  i n  th e  l i v e r  
and on  t h e  a v e ra g e  c e l l  c o m p o s i t io n .  I t  i s  obv ious  t h a t  
none o f  t h e  t r e a tm e n t s  h a s  had any m arked e f f e c t  on th e  
t o t a l  amount o f  DNAP p e r  l i v e r .  The s m a l l  d i f f e r e n c e s  
be tw een  th e  means f o r  the  d i f f e r e n t  g roups have been  shown 
by a n a l y s i s  o f  v a r i a n c e  (T able  52) to  be n o n - s i g n i f i c a n t .
I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  none o f  th e  t r e a tm e n t s  h a s  s i g ­
n i f i c a n t l y  a f f e c t a d  th e  number o f  c e l l s  i n  th e  l i v e r .  The 
a v e ra g e  c e l l  c o m p o s i t io n ,  on th e  o t h e r  hand , i s  d r a s t i c a l l y  
ch an g ed . On f a s t i n g  a f t e r  e i t h e r  th e  s e m i - s y n th e t i c  o r 
t h e  s t o c k  d i e t ,  th e  a v e ra g e  c e l l  mass f a l l s  by a b o u t  35^ 
and t h e  a v e ra g e  c e l l  c o n te n t  o f  LP, PN and REAP by 20 -  30 ,j . 
These ch an g es  ap p ea r  to  be h i g h ly  s i g n i f i c a n t  (se e  T a b le s  
53 and 5 4 ) .  S in c e ,  a s  h a s  a l r e a d y  been  p o in te d  o u t  above 
( S e c t io n  2 . 2 ) ,  th e  "KNAP" a s  e s t im a t e d  by th e  method u s e d  
i n  t h e  p r e s e n t  s e r i e s  o f e x p e r im e n ts  i n c lu d e s  a c e r t a i n  
amount o f  p h o sp h o ru s  d e r i v e d  fro m  compounds o t h e r  t h a n  RNA 
i t  seemed o f  some im p o r ta n c e  t o  d e te rm in e  w he ther  the  
a p p a r e n t  f a l l  i n  KNAP p ro d u c e d  by f a s t i n g  w as, i n  f a c t ,  due 
to  a r e a l  f a l l  i n  RNA o r  m e re ly  t o  a  f a l l  in  th e  "co n c o m ita n t  
p h o sp h o ru s  compounds. A c c o r d in g ly ,  th e  i n d i v i d u a l  n u c le o -
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t i d e s  in  th e  Second A c id -S o lu b le  f r a c t i o n s  d e r i v e d  from  th e  
l i v e r s  o f  two f e d  and two f a s t e d  r a t s  were d e te rm in e d  by 
p a p e r  i o n o p h o r e s i s . The r e s u l t s  o b t a in e d  a r e  shown in  
T ab le  23 . They i n d i c a t e  q u i t e  c l e a r l y  t h a t  th e  RNA and 
th e  c o n c o m ita n t  p h o sp h o ru s  compounds in  t h i s  f r a c t i o n  a r e  
a b o u t  e q u a l ly  a f f e c t e d  by f a s t i n g .
The t h i a m i n e - d e f i c i e n t  d i e t  p roduced  s i g n i f i c a n t  
changes  i n  t h e  a v e ra g e  c o m p o s it io n  p e r  c e l l  i n  th e  l i v e r  
s i m i l a r  to  t h o s e  cau sed  by f a s t i n g  (see  T ab le  55 f o r  s t a t i s t i ­
c a l  a n a l y s i s ) .  These may, how ever, be due n o t  so much to  
th e  v i t a m in  d e f i c i e n c y  i t s e l f  a s  t o  the  c o n seq u e n t  l o s s  o f  
a p p e t i t e .  The p r o t e i n - f r e e  d i e t  c au se d  a  20% f a l l  i n  th e  
a v e ra g e  c e l l  m ass and  a  30% f a l l  i n  th e  a v e rag e  c e l l  co n ­
t e n t  o f  LP, PN and MAP d u r in g  t h e  f i r s t  7 d a y s .  These 
changes  w ere  a l l  h i g h ly  s i g n i f i c a n t  (see  T ab le  56 f o r  
s t a t i s t i c a l  a n a l y s i s ) .  D uring  th e  second  7 d ays  t h e r e  was 
a  f u r t h e r  s i g n i f i c a n t  f a l l  in  LP, PN and c e l l  mass (P < 0 . 0 1 ,
P <  0 .0 2  and P c  0 .0 1 ,  r e s p e c t i v e l y ;  see  T able  57 f o r  
s t a t i s t i c a l  a n a l y s i s )  b u t  t h e  RNAP c o n te n t  d i d  n o t  d e c l in e  
f u r t h e r .  The h i g h - f a t  d i e t  c au se d  s i g n i f i c a n t  r e d u c t io n s  
i n  th e  LP, PN and RNAP c o n te n t  o f  t h e  c e l l  s i m i l a r  t o  
th o s e  o b se rv e d  in  p r o t e i n  d e f i c i e n c y ,  b u t  l e s s  s e v e re  (see  
T ab le  58 f o r  s t a t i s t i c a l  a n a l y s i s ) .  T h is  m igh t be e x p e c te d  
s in c e  th e  h ig h  f a t  d i e t  c o n ta in s  o n ly  8% p r o t e i n .  The
a v e ra g e  c e l l  mass d i d  n o t  f a l l ,  and i t  i s  presum ed t h a t  
i n c r e a s e d  d e p o s i t i o n  o f  n e u t r a l  f a t  b a la n c e d  th e  l o s s  o f  
o t h e r  c y to p la s m ic  c o n s t i t u e n t s .
A lth o u g h  h i s t o l o g i c a l  e x a m in a t io n  o f  l i v e r  s e c t i o n s  
from  r a t s  w hich  h a d  r e c e i v e d  th e  t h io a c e t a m id e - c o n ta in in g  
d i e t  r e v e a l e d  m o rp h o lo g ic a l  changes  s i m i l a r  t o  th o se  
d e s c r i b e d  by R a th e r  (1951) and , i n  p a r t i c u l a r ,  a marked 
i n c r e a s e  in  t h e  volum es o f  th e  n u c l e i  and n u c l e o l i ,  t h i s  
s u b s ta n c e  does n o t  a p p e a r  to  have  had any s i g n i f i c a n t  
e f f e c t  on th e  a v e ra g e  c o m p o s it io n  o f  th e  c e l l s  o f  th e  l i v e r  
(se e  s t a t i s t i c a l  a n a l y s i s  in  T ab le  5 9 ) .  S im i la r  f i n d in g s  
have been  r e c o r d e d  by L a i r d  (1 952 ) .
F i n a l l y ,  t h e  a n im a ls  on th e  s to c k  d i e t  d i f f e r e d  from  
th o s e  on th e  s e m i - s y n th e t i c  d i e t  in  h a v in g  a s i g n i f i c a n t l y  
h i g h e r  c o n te n t  o f  LP p e r  c e l l  (P <  0 ,0 1 ;  see  Table 60 f o r  
5,t tf t e s t ) .  The d i f f e r e n c e  d is a p p e a re d  on f a s t i n g .
E f f e c t  o f  d i a b e t e s .  A d m in i s t r a t io n  o f  a d i a b e to g e n ic  
dose  o f  a l l o x a n  (T able  22 , S e c t io n  5 ;  see  T able  61 f o r  
s t a t i s t i c a l  a n a l y s i s )  c a u se d  a  s i g n i f i c a n t  f a l l  i n  th e  t o t a l  
mass o f  th e  l i v e r  (P <  0 .0 1 )  and i n  i t s  t o t a l  c o n te n t  o f  LP 
and RNAP (P < 0 . 0 1  and P < 0 . 0 2 ,  r e s p e c t i v e l y ) .  S in c e ,  
how ever, t h e  f a l l s  i n  t o t a l  c o n te n t  o f  MAP ( i . e . ,  in  
number o f  c e l l s  p e r  l i v e r )  and in  a v e rag e  c e l l  mass and 
c o n te n t  o f  LP and RNAP w h ich  accom panied  th e s e  changes a re  
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  i t  i s  n o t  p o s s ib l e  t o  say
w h e th e r  th e  changes i n  the  c o m p o s it io n  of th e  whole o rgan  
were due to  a r e d u c t i o n  o f  c e l l  number o r  to  a change in  
a v e ra g e  c e l l  m ass and  c o m p o s i t io n ,  o r  to  b o th .  The 
e f f e c t  o f  a l l o x a n  on th e  c o m p o s i t io n  o f  th e  l i v e r  o f  th e  
r a t  h a s  a l s o  been i n v e s t i g a t e d  by R erabek  (1 9 4 7 ) ,  who f i n d s  
t h a t  i t  i n c r e a s e s  th e  c o n c e n t r a t i o n  ( i n  mg. p e r  100 g. f r e s h  
l i v e r )  o f  RNA b u t  n o t  o f  H A . These e f f e c t s  w e re ,  how ever, 
p ro d u ced  by d o se s  o f  a l l o x a n  t h r e e  o r  s i x  t im e s  as  g r e a t  as  
th o s e  u se d  i n  t h e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts .
E f f e c t s  o f  th e  c a r c in o g e n ic  d i e t . The e f f e c t s  o f  
th e  c a r c i n o g e n ic  d i e t  on th e  a v e ra g e  IMAP c o n te n t  o f  th e  
l i v e r  n u c l e i  and th e  c o m p o s it io n  o f  whole l i v e r  t i s s u e  a r e  
shown i n  Table  24. Compared w i th  th e  c o n t r o l s  th e  a n im a ls  
w h ich  r e c e i v e d  th e  c a r c in o g e n  h a d  a lo w er  a v e ra g e  c o n te n t  
o f  DNAP p e r  n u c le u s  and a h i g h e r  c o n c e n t r a t i o n  o f  MAP p e r  
100 g . f r e s h  l i v e r .  In  th o s e  c a s e s  i n  # i i c h  th e  t o t a l  IMA 
c o n te n t  o f  t h e  l i v e r  was d e te rm in e d ,  i t  was g e n e r a l l y  found  
to  be c o n s i d e r a b ly  i n c r e a s e d .  The t o t a l  amounts and con­
c e n t r a t i o n s  p e r  100 g . o f  LP, PN and MAP in  th e  l i v e r  were 
n o t  g r e a t l y  a f f e c t e d  b u t  th e  r a t i o s  o f  th e s e  components to  
MAP were m ark ed ly  lo w e r .  Some a n im a ls  deve lop ed  tumours 
s u f f i c i e n t l y  l a r g e  and w e l l - d e f i n e d  to  be  d i s s e c t e d  ou t  
from  th e  r e s t  o f  the  l i v e r  and a n a ly z e d  s e p a r a t e l y .  Where 
t h i s  was done ( r a t s  n o . i lb ,  107-108 and 109-110) i t  was fou nd
Sable 24
(Cable 24-
Mean composition of whole tissue and nuclei, in terms of lipid phosphorus {LP), protein nitrogen {PS),  ribonucleic acid ‘phosphorus {PSA P) and deoxyribonucleic acid
phosphorus {DNAP),  in the livers of rats fed a diet containing p-dimrth yla m i noa'zobenzene
( C o n t r o l  a n i m a l s  w e r e  k e p t  f o r  t h e  s a m e  t i m e  o n  t h e  s a m e  d i e t  w i t h o u t  t h e  d i m e t h y l a m i n o a z o b e n z e n e .  E x c e p t  w h e r e  o t h e r w i s e  i n d i c a t e d  a n a l y s e s  a n d  i s o l a t i o n  o f  n u c l e i  w e r e  c a r r i e d  o u t  011 p o r t i o n s  o f  t h e  w h o l e  l i v e r . )
C o m p o s i t i o n  o f  w h o l e  l i v e r  t i s s u e  C o m p o s i t i o n  o f  w h o l e  l i v e r  t i s s u e  C o m p o s i t i o n  o f  i s o l a t e d  n u c l e i
l h  x ly L R P N R N A P D N A P
' '
T i s s u e I )N A P  ( p g . n u c l e u s )  a s  d e t e r m i n e d  b y
'
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t h a t  th e  tum our e x h i b i t e d  t o  an  e x a g g e r a te d  d e g re e  t h e  
changes  d e s c r i b e d  ab o v e . The a v e ra g e  DNAP c o n te n t  p e r  
n u c le u s  was o f  th e  same o rd e r  a s  th e  v a lu e  fo u n d  f o r  th e  
n o n - h e p a t i c  t i s s u e s  o f  t h e  no rm al a n im a l .  The r a t i o s  o f  
LP, PN, RNAP and t i s s u e  mass t o  DNAP w ere o n ly  h a l f  a s  g r e a t  
a s  i n  t h e  c o n t r o l s .  In  th e  p o r t i o n  o f  t h e  l i v e r  w hich  r e ­
m ained a f t e r  rem oval o f  th e  tumour t h e  a v e ra g e  MAP c o n te n t  
p e r  n u c le u s  was a l s o  v e ry  low b u t  th e  r a t i o s  o f  LP, H I,
RNAP and t i s s u e  mass t o  MAP w ere c l o s e r  t o  t h e  n o rm al 
v a l u e s .  Making a l lo w a n c e  f o r  th e  f a c t  t h a t  t h e  a v e ra g e  
DNAP c o n te n t  p e r  n u c le u s  was lo w e r  t h a n  in  n o rm al l i v e r ,  
t h e s e  o b s e r v a t i o n s  m ig h t  be i n t e r p r e t e d  a s  f o l l o w s  : -
( i )  The c a r c in o g e n  c a u se d  an i n c r e a s e  i n  t h e  t o t a l  
number o f  c e l l s  in  th e  l i v e r  o f  th e  o r d e r  o f
50 -  150$.
( i i )  The new tum our c e l l s  were l e s s  t h a n  h a l f  t h e
a v e ra g e  s i z e  o f  t h e  c e l l s  o f  t h e  n o rm al  l i v e r .
They c o n t a i n e d ,  on th e  a v e r a g e ,  o n ly  35/j a s
much LP, 35,.- as much PN and 40/6 a s  much RNAP
*
as  n o rm al l i v e r  c e l l s .
E f f e c t  o f  h e p a te c to m y . The r e s u l t s  o f  th e  h e p a -  
te c to m y  e x p e r im e n t  a r e  shown i n  T a b le  2 5 . T hroughout th e  
10 d ays  f o l lo w in g  th e  o p e r a t i o n  th e  a v e ra g e  DNAP c o n te n t  
o f  t h e  n u c l e i  in  th e  re m a in in g  lo b e s  o f  th e  l i v e r  was c o n ­
s i s t e n t l y  above th e  a v e ra g e  v a lu e  f o r  u n o p e r a t e d  a n im a ls
o f  th e  same s e x ,  s t r a i n ,  and age  (T ab le  2 1 ) .  The t o t a l  
amount o f  IMAP in  t h e  l i v e r  r o s e  s t e a d i l y  up  t o  th e  6 th  
day  a f t e r  th e  o p e r a t i o n .  D u r in g  t h i s  p h ase  o f  r a p i d  
g ro w th  th e  a v e ra g e  DNAP c o n t e n t  p e r  n u c le u s  was p a r t i c u l a r l y  
h i g h  and  t h e r e  were v a r i a t i o n s  i n  the  r a t i o s  o f  LP and  RNAP 
t o  DNAP. Prom th e  6 th  to  th e  1 0 th  day  t h e r e  was no f u r t h e r  
i n c r e a s e  i n  t h e  t o t a l  MAP c o n te n t  o f  t h e  l i v e r ,  t h e  v a lu e s  
fo u nd  f o r  th e  a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  were o n ly  
s l i g h t l y  above t h e  n o rm a l  f i g u r e ,  and th e  r a t i o s  o f  LP and 
RNAP to  DNAP showed l i t t l e  c h a n g e .  These r e s u l t s  a r e  in  
a g reem en t w i th  th e  o b s e r v a t i o n s  o f  P r i c e  & L a i r d  (1950) and 
U ltm an , H i r s c h b e r g  & G e l lh o rn  (1953) t h a t  t h e  a v e ra g e  DNA 
c o n te n t  p e r  n u c le u s  i n  t h e  l i v e r  o f  th e  r a t  shows a m arked 
i n c r e a s e  im m e d ia te ly  a f t e r  he .patec tom y and  th e n  r e t u r n s  t o  
a  v a lu e  s l i g h t l y  above t h a t  fo u n d  i n  n o rm al u n o p e r a t e d  a n im a l s .
2 .4  D is c u s s io n
The v a lu e s  fo u n d  f o r  th e  a v e ra g e  DNAP c o n t e n t  per 
n u c le u s  i n  th e  v a r i o u s  r a t  t i s s u e s  exam ined  (T ab le  20) a r e  
i n  f a i r l y  good ag reem en t w i t h  t h o s e  o b t a in e d  by o t h e r  w o rk e rs  
u s i n g  t h e  same m e th o d , v i z . ,  c h e m ic a l  a n a l y s i s  o f  su s p e n ­
s io n s  o f  known num bers o f  i s o l a t e d  n u c l e i  (see  Table  2 6 ) .  
Cunningham, G r i f f i n  & Luck (1950) have  d e v is e d  a m o d i f i c a ­
t i o n  o f  t h i s  method in  w h ich  th e  t i s s u e  i s  hom ogenized in  
2A c i t r i c  a c i d ,  th e  hom ogenate i s  f i l t e r e d  th ro u g h  c h e e s e -
Table 26 .
A verage d e o x y r ib o n u c le i c  a c i d  (H A ) c o n te n t  o f  n u c l e i  
i s o l a t e d  from  r a t  t i s s u e s ,  a s  r e p o r t e d  by  v a r i o u s  a u t h o r s .  
See a l s o  T a b le s  18 an d  2 7 .
T is s u e
L iv e r
I n t e s t i n e
K idney
pg . UN A 
p e r  n u c le u s
10.2 -  11.1
8
9 .8  -  1 0 .2  
9 .6  -  1 0 .2
8.2 
8 . 6
9 .6
6 .2 7
5 .7
5 .5
8
9 .3 *
R e fe re n c e
Dounce e t  a l .  (1950)
M irsky  & K u rn ick  ( u n p u b l i s h e d  
r e s u l t s  c i t e d  by M irsky  &
R i s ,  1951)
E ly  & Ross (1951a)
H a r r i s o n  (1951)
L e u c h te n b e rg e r  e t  a l , (1951)
L e u c h te n b e r g e r  e t  a l .  (1952)
V i l l e l a  (1952)
E ly  & Ross (1951b)
H a r r i s o n  (1951)
L e u c h te n b e rg e r  e t  a l .  (1951)
M irsky  & K u rn ic k  (u n p u b l i s h e d  
r e s u l t s  c i t e d  by  M irsky  &
R is ,  1951)
K u rn ic k  (1 9 5 1 ) .
* R e c a l c u l a t e d  fro m  f i g u r e s  g iv e n  f o r  c o n te n t  o f  
MAP p e r  n u c l e u s .
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c l o t h ,  and th e  num ber o f n u c l e i  p r e s e n t  i s  e s t im a t e d  by 
c o u n t in g .  About 10% o f  th e  n u c l e i  a r e  s e d im e n te a  by 
c e n t r i f u g i n g  a t  low speed  and  washed once w i th  c i t r i c  a c i d .  
The t o t a l  number o f n u c l e i  in  t h e  p o o le d  s u p e r n a t a n t s  i s  
e s t im a te d  by c o u n t i n g .  S u b t r a c t i o n  g i v e s  th e  number o f  
n u c l e i  in  th e  s e d im e n t ,  w h ich  i s  t h e n  a n a ly s e d  f o r  DMA.
I t  I s  c la im e d  t h a t  i n  t h i s  way e r r o r s  due to  th e  p r e s e n c e  
o f  c h ro m a tin  th r e a d s  and t o  c lum ping  o f  th e  n u c l e i  may be 
a v o id e d .  On th e  o t h e r  h a n d ,  th e  n e c e s s i t y  f o r  e s t i m a t i n g  
th e  number o f  n u c l e i  in  b o t h  t h e  o r i g i n a l  hom ogenate  and 
th e  com bined s u p e r n a t a n t s  m ust c o n s i d e r a b l y  i n c r e a s e  t h e  
e r r o r s  due to  th e  i n a c c u r a c y  o f  th e  c o u n t in g  t e c h n iq u e .
The r e s u l t s  o b t a in e d  by Cunningham e t  a l .  (1950) u s i n g  t h i s  
te c h n iq u e  (see  T ab le  18) a r e  n e v e r t h e l e s s  i n  good a g re em e n t 
w i th  t h o s e  o b ta in e d  in  th e  p r e s e n t  i n v e s t i g a t i o n .  R e c e n t ­
l y  t h e  same m ethod h as  b e en  u se d  by  S i b a t a n i  and  h i s  c o l ­
l e a g u e s  i n  a s e r i e s  o f  e x p e r im e n ts  on r a t  l i v e r  n u c l e i  
( S i b a t a n i ,  M atsuda , Fukuda & N aora , 1952 ; Fukuda & S i b a t a n i  
19 53 ) .  These w orke rs  f i n d  th e  a v e ra g e  DNA c o n t e n t  p e r  
n u c le u s  i n  th e  l i v e r  t o  be  a b o u t  9 p g .  In  young  a n im a ls  
(body w e ig h t ,  50 g . )  and  a b o u t  10 -  11 p g . i n  a d u l t s  (body 
w e ig h t ,  200 -  300 g . ) .  These  r e s u l t s  a l s o  a r e  i n  m o d e ra te ­
l y  good ag reem en t w i t h  th o s e  o b t a i n e d  i n  th e  p r e s e n t  i n v e s t !  
g a t i o n .
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P r i c e  and h i s  a s s o c i a t e s  ( P r i c e  & L a i r d ,  1950;
P r i c e ,  M i l l e r ,  M i l l e r  & Weber, 1950) have  employed a q u i t e  
d i f f e r e n t  m ethod f o r  e s t i m a t i n g  th e  a v e ra g e  DNA c o n te n t  
p e r  n u c le u s  i n  r a t  l i v e r .  T h is  c o n s i s t s  e s s e n t i a l l y  o f  
e s t i m a t i n g  (a )  t h e  c o n c e n t r a t i o n  o f  MA p e r  100 g .  by 
c h e m ic a l  a n a l y s i s  o f  a w eighed p o r t i o n  o f  t i s s u e  and
(b) th e  number o f  n u c l e i  p e r  100 g .  by  c o u n t in g  t h e  n u c l e i  
in  a c i t r i c  a c i d  hom ogenate  o f  a  se co n d  w e ighed  p o r t i o n  o f  
th e  same t i s s u e .  S im ple  d i v i s i o n  g iv e s  t h e  a v e ra g e  DNA 
c o n te n t  p e r  n u c l e u s .  The r e s u l t s  o b t a in e d  by t h i s  m ethod 
(se e  T ab le  27) a r e  a b o u t  10 -  40/o g r e a t e r  th a n  t h o s e  u s u a l l y  
found  by d i r e c t  a n a l y s i s  o f  I s o l a t e d  n u c l e i .  The r e a s o n  
f o r  th e  d i s c r e p a n c y  be tw een  th e  r e s u l t s  o f  t h e  two m ethods 
i s  n o t  known b u t  i t  i s  p o s s i b l e  t h a t  th e  e s t i m a t e s  o f  th e  
number o f  n u c l e i  p e r  100 g .  l i v e r  u s e d  in  th e  m ethod o f  
P r i c e  and h i s  a s s o c i a t e s  may be e r r o n e o u s l y  low due t o  
d e s t r u c t i o n  o f  n u c l e i  i n  p r e p a r a t i o n  o f  th e  hom ogenates  
u s e d  f o r  c o u n t in g .  I f  t h i s  I s ,  i n  f a c t ,  t h e  c a se  th e  
v a lu e s  c a l c u l a t e d  f o r  the  DNA c o n te n t  p e r  n u c le u s  w i l l  be 
e r r o n e o u s ly  h i g h .
A l t e r n a t i v e l y ,  t h e  d i s c r e p a n c y  m ig h t  be e x p la in e d  by  
assum ing  t h a t  th e  v a l u e s  o b t a i n e d  f o r  DNA c o n te n t  p e r  n u c le u s  
by d i r e c t  a n a l y s i s  o f  i s o l a t e d  n u c l e i  a r e  e r r o n e o u s l y  low 
due t o  l o s s  o f  DNA from  t h e  n u c l e i  d u r i n g  i s o l a t i o n .  On 
t h e o r e t i c a l  g ro u n d s  t h i s  seems h i g h l y  im p ro b a b le .  S in c e
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D e o x y r ib o n u c le ic  a c i d  (MA) c o n t e n t  p e r  n u c le u s  in  r a t  
l i v e r  a s  d e te rm in e d  by  d i v i d i n g  t h e  c o n c e n t r a t i o n  o f  
DNA p e r  100 g .  by t h e  number o f  n u c l e i  p e r  100 g .
R e fe re n c e  p g . DNA p e r  n u c l e u s
P r i c e  & L a i r d  (1950) 1 0 .0
P r i c e  e t  a l .  (1950) 1 0 .1  -  1 4 .0
Rose & S c h w e ig e r t  (1952) 1 4 .9  -  1 5 .4
U ltm an , H i r s c h b e r g  &
G -ellhom  (1953) 1 0 .4 .
DNA and  n u c l e o h i s to n e  a r e  b o th  i n s o l u b l e  i n  d i l u t e  c i t r i c  
a c i d  (bou nce , 1943b) DNA c o u ld  o n ly  e sc a p e  from  th e  n u c le u s  
a s  a  r e s u l t  o f h y d r o l y s i s .  I t  seems i n c o n c e i v a b l e , how­
e v e r ,  t h a t  DNA, w h ich  i s  q u i t e  r e s i s t a n t  t o  e x t r a c t i o n  f o r  
18 h o u rs  w i t h  c o ld  N p e r c h l o r i c  a c id  (Ogur & R osen , 1949 , 
1950; K oenig & S t a h l e c k e r ,  1 9 5 2 ) ,  sh o u ld  be h y d r o ly s e d  t o  
any a p p r e c i a b l e  e x t e n t  by d i l u t e  c i t r i c  a c i d .  V e n d re ly  
(1952) h a s ,  In  f a c t ,  fo u n d  t h a t  c a l f  thymus n u c l e o h i s t o n e
p r e p a r e d  by th e  method o f  M irsky  & P o l l i s t e r  (1943) may be
TyT /t r e a t e d  w i t h  * 1 3  c i t r i c  a c i d  f o r  a  p e r i o d  of s e v e r a l  d a y s  
w i th o u t  show ing any  l o s s  o f  d r y  w e ig h t .  Nor i s  i t  l i k e l y  
t h a t  DNA i s  h y d r o ly s e d  by th e  a c t i o n  o f  d e o x y r ib o n u c le a s e  
s in c e  t h i s  enzyme, a s  McCarty (1946) h a s  shown, r e q u i r e s  
t h e  p re s e n c e  o f  c a lc iu m  io n s  f o r  a c t i v i t y  and th e s e  fo rm  
i n a c t i v e  com plexes w i th  c i t r i c  a c i d .  D i r e c t  e v id e n c e  
t h a t  n u c l e i  i s o l a t e d  i n  d i l u t e  c i t r i c  a c id  do n o t  s u f f e r  
any l o s s  o f  DNA i n  t h e  p r o c e s s  h a s  come from  t h e  work o f  
R is  & M irsky  (1949b), who have f o u n d ,  u s in g  a c y to p h o to m e t r i c  
m ethod , t h a t  c a l f  l i v e r  n u c l e i  h av e  t h e  same a v e ra g e  'IMA 
c o n te n t  a f t e r  i s o l a t i o n  a s  th e y  do i n  s i t u  in  h i s t o l o g i c a l  
s e c t i o n s ,  and o f  Stedman & Stedman (1951) and V e n d re ly  
(1952) who h av e  d e m o n s t r a te d  by  c h e m ic a l  a n a l y s i s  o f  c o u n te d  
s u s p e n s io n s  o f  n u c l e i  t h a t  th e  a v e ra g e  DNA c o n te n t  o f  a v ia n  
e r y t h r o c y t e  n u c l e i  i s  n o t  a f f e c t e d  by e x p o su re  t o  d i l u t e
c i t r i c  a c i d  f o r  a p e r i o d  o f  s e v e r a l  h o u r s .
A more s e r i o u s  c r i t i c i s m  which may be l e v e l l e d  a t  
t h e  p r a c t i c e  o f  a n a l y s i n g  i s o l a t e d  n u c l e i  i s  t h a t  su ch  
n u c l e i  may n o t  c o n s t i t u t e  a r e p r e s e n t a t i v e  sam ple o f  th e  
whole p o p u l a t i o n  o f  th e  n u c l e i  i n  th e  t i s s u e  from  w h ich  
th e y  were I s o l a t e d .  In  r a t  l i v e r ,  f o r  exam ple , I t  m ig h t  
be a n t i c i p a t e d  t h a t  th e  l a r g e  h e p a t o c y t e  n u c l e i  would be 
more l i k e l y  t o  be damaged d u r i n g  h o m o g e n iz a t io n  th a n  th e  
sm a ll  b i l e  d u c t  n u c l e i .  On th e  o t h e r  h a n d , d u r in g  th e  
d i f f e r e n t i a l  c e n t r i f u g a t i o n  u sed  t o  s e p a r a t e  t h e  n u c l e i  f rom  
th e  c y to p la s m ic  d e b r i s  th e  l a r g e r  n u c l e i ,  h a v in g  a s m a l l e r  
s u r f a c e  a r e a  In  r e l a t i o n  to  t h e i r  m ass ,  may be e x p e c te d  to  
se d im e n t  more r a p i d l y  t h a n  th e  s m a l l e r  n u c l e i  and a d i s ­
p r o p o r t i o n a t e  number o f  th e  l a t t e r  may t h e r e f o r e  be d i s ­
c a rd e d  w i th  t h e  c y to p la s m ic  d e b r i s  i n  t h e  s u p e r n a t a n t s .
T h is  would seem t o  be a p a r t i c u l a r l y  s e r i o u s  s o u rc e  o f  e r r o r  
in  th e  m ethod o f  Cunningham e t  a l .  (1950) i n  w hich  o n ly  t h e  
more r a p i d l y  s e d im e n t in g  f r a c t i o n  o f  t h e  n u c l e i  I s  ta k e n  
f o r  a n a l y s i s .  U n t i l  a m ethod i s  d e v i s e d  w hereby n u c l e i  
can  be i s o l a t e d  from  a t i s s u e  i n  100$ y i e l d  t h e r e  d o es  n o t  
seem t o  be any  s im p le  means by w h ich  sa m p lin g  e r r o r s  o f  
t h i s  k in d  may be a v o id e d  o r  t h e i r  m ag n itu d e  a c c u r a t e l y  
a s s e s s e d .  E v id e n c e  w i l l ,  h o w ever ,  be p r e s e n t e d  below 
w nich  s u g g e s t s  t h a t  i n  the  p r e s e n t  s e r i e s  o f  e x p e r im e n ts  
th e y  a re  p ro b a o ly  n o t  v e ry  g r e a t .  In  any c a s e ,  t h e y  a r e
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u n l i k e l y  to  be so l a r g e  a s  t o  o b sc u re  th e  answ er t o  th e  
q u e s t io n  u n d e r  i n v e s t i g a t i o n ,  n am e ly , w h e th e r  a l l  so m a t ic  
n u c l e i  i n  t h e  r a t  c o n t a i n  t h e  same amount o f  J1IA.
The r e s u l t s  shown i n  T ab le  20 d o ,  in  f a c t ,  i n d i c a t e  
t h a t  t h e r e  i s  v e r y  l i t t l e  v a r i a t i o n  In  a v e ra g e  DNA c o n te n t  
be tw een  n u c l e i  i s o l a t e d  from  d i f f e r e n t  n o n - h e p a t i c  t i s s u e s ,  
s u g g e s t in g  t h a t  a l l  th e  n u c l e i  i n  t h e s e  t i s s u e s  may c o n t a i n  
th e  same amount o f  DNA. I s o l a t e d  l i v e r  n u c l e i ,  on th e  o t h e r  
h an d , have  an a v e ra g e  DNA c o n te n t  30% g r e a t e r  t h a n  t h a t  fo u n d  
f o r  t h e  n u c l e i  o f  o th e r  t i s s u e s . The r e a s o n  f o r  t h i s  
a n o m a lo u s ly  h i g h  f i g u r e  h a s  b e e n  r e v e a l e d  by c y to p h o to -  
m e t r i c  m easu rem en ts  on i n d i v i d u a l  n u c l e i .  These h av e  shown 
t h a t  w hereas  a l l  t h e  n u c l e i  i n  r a t  k id n e y  c o n t a i n  a b o u t  th e  
same amount o f  DNA t h e  n u c l e i  o f  r a t  l i v e r  f a l l  I n t o  t h r e e  
c l a s s e s  w i th  r e s p e c t  to  t h e i r  DNA c o n t e n t .  " G la s s  I"  
n u c l e i  c o n t a in  a p p ro x im a te ly  th e  same amount o f  DNA a s  
k id n e y  n u c l e i .  C la s s e s  I I  and  I I I  c o n t a i n  tw ic e  and  f o u r  
t im e s  t h i s  amount and i t  I s  s u g g e s te d  t h a t  t h e y  r e p r e s e n t  
t e t r a p l o i d  and  o c t o p l o i d  n u c l e i  r e s p e c t i v e l y  (R is  & M irsk y ,  
1949a; L e u c h te n b e r g e r ,  V e n d re ly  & V e n d re ly ,  195 1 ; L e u c h te n ­
b e r g e r ,  L e u c h te n b e r g e r ,  V e n d re ly  & V e n d re ly ,  195 2 ; F r a z e r  
& D av id so n , 1 9 5 3 ) .  S i m i l a r  r e s u l t s  h av e  been  o b t a i n e d  f o r  
mouse k id n e y  and  l i v e r  by  S w if t  (1 9 5 0 a ) .
I t  i s ,  o f  c o u r s e ,  w e l l  known t h a t  p o l y p lo i d  n u c l e i
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a r e  n o t  uncommon I n  c e r t a i n  mammalian t i s s u e s  ( T e i r ,  1 9 4 4 ) .  
In  p a r t i c u l a r ,  t h e  r e l a t i v e  p r o p o r t i o n s  o f  d i p l o i d ,  t e t r a -  
p l o i d  and o c t o p l o i d  n u c l e i  i n  r a t  l i v e r  h a v e  been  s t u d i e d  
by p u r e l y  h i s t o l o g i c a l  m ethods (Beams & K ing , 1942 ; S u l k i n ,  
1943; B i e s e l e ,  1944 ; W ilso n  & L educ , 1948; M c K e lla r ,
19 49 ) .  The r e s u l t s  o b ta in e d  by t h e s e  w o rk e rs  a r e  o f  some 
i n t e r e s t  s in c e  t h e y  can  b e  u s e d  t o  c a l c u l a t e  t h e  t h e o r e t i c a l  
a v e ra g e  DNA c o n te n t  of t h e  n u c l e i  i n  th e  l i v e r ,  g iv e n  th e  
DNA c o n te n t  o f  th e  d i p l o i d  n u c l e u s .  F o r  exam p le , B i e s e l e  
(1944) r e p o r t e d  t h a t  of 70 m i t o t i c  f i g u r e s  w h ic h  h e  o b se rv e d  
i n  n o rm al r a t  l i v e r  54.5% were d i p l o i d ,  4 0 .5 $  t e t r a p l o i d  
and 5$ o c t o p l o i d .  S ince  a l l  t h e  n u c l e i  o f  r a t  k id n e y  c o n ­
t a i n  th e  same amount o f  DNA (v id e  s u p r a ) i t  may be assum ed 
t h a t  th e  a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  o f  a b o u t  0 .6 5  p g . 
found  f o r  t h i s  t i s s u e  in  th e  p r e s e n t  i n v e s t i g a t i o n  i s  a  
f a i r l y  r e l i a b l e  e s t i m a t e  o f  t h e  DNAP c o n te n t  o f  t h e  d i p l o i d  
n u c l e u s .  The t h e o r e t i c a l  a v e ra g e  MAP c o n t e n t  p e r  n u c le u s  
in  t h e  l i v e r  s h o u ld  t h e r e f o r e  be
( 0 .6 5 x 5 4 .5 ) __+ __ (_2 _x _0. 65 x 4 0 . 5) 4-__(4 x 0 . 6 5 x 5).
100
= 1 .0 0 6  p g . ,
w hich  i s  i n  r e a s o n a b ly  good a g re em e n t w i t h  th e  f i g u r e  o f  
0 .9 1 3  p g .  foun d  e x p e r i m e n t a l l y  f o r  th e  a v e ra g e  DNAP c o n te n t  
o f  i s o l a t e d  l i v e r  n u c l e i  (T ab le  2 0 ) .  T his c a l c u l a t i o n  i s  
open t o  th e  o b j e c t i o n  t h a t  t h e  p r o p o r t i o n  o f  p o l y p l o i d
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m i t o t i c  f i g u r e s  i n  a t i s s u e  i s  n o t  n e c e s s a r i l y  a r e l i a b l e  
g u id e  to  th e  p r o p o r t i o n  o f  p o l y p lo i d  n u c l e i  s in c e  d i f f e r ­
e n t  c l a s s e s  o f  n u c l e i  may have  d i f f e r e n t  m i t o t i c  f r e ­
q u e n c ie s .  However, S u lk in  (1943) h a s  e s t im a t e d  on t h e  b a s i s  
o f  n u c l e a r  volume m easu rem en ts  on h i s t o l o g i c a l  t i s s u e  
s e c t i o n s  ( J a c o b j ,  1925) t h a t  i n  t h e  r a t  1 2 .2 8 $  o f  t h e  h e p a -  
t o c y t e  n u c l e i  a r e  d i p l o i d ,  7 9 .1 8 $  a r e  t e t r a p l o i d ,  8 .1 4 $  
a r e  o c t o p l o i d  and 0.4% a r e  1 6 - p l o i d .  A ssum ing a g a i n  t h a t  
th e  d i p l o i d  n u c le u s  c o n t a i n s  0 .6 5  pg . DNAP t h e  a v e ra g e  MAP 
c o n te n t  p e r  h e p a to c y te  n u c le u s  s h o u ld  be 
(0 .6 5  x  1 2 .2 8 )+ (2  x  0 . 6 5 x  7 9 .1 8 )+ (4 x  0 .6 5  x  8 . 1 4 )+ (8  x  0 .6 5  x  0 . 4 )
100
= 1 .3 4 1  pg .
But t h e  h e p a t o c y t e s  a c c o u n t  f o r  o n ly  60$ o f  t h e  n u c l e i  o f  t h e  
l i v e r  (A bercrom bie  & H a rk n e s s ,  1 9 5 1 ) .  Assum ing t h a t  t h e  
re m a in d e r  a r e  a l l  d i p l o i d  t h e  a v e ra g e  MAP c o n t e n t  p e r  n u c le u s
f o r  t h e  whole l i v e r  s h o u ld  be
(1 .3 4 1  x 60) 4- ( 0 .6 5  x  40)
100
= 1 .0 6  pg .
T h is  f i g u r e  a l s o  i s  i n  r e a s o n a b l e  a g re em e n t  w i t h  th e  v a lu e  
o f  0 .9 1 3  p g .  fo u n d  e x p e r i m e n t a l l y  f o r  i s o l a t e d  l i v e r  n u c l e i .
The lo w er  f i g u r e s  found  f o r  a v e r a g e  MAP p e r  n u c l e u s  
i n  t h e  l i v e r s  o f  young a n im a ls  (T ab le  21) may a l s o  be e x ­
p l a i n e d  i n  te rm s  o f  p o l y p lo i d y  s i n c e  S w if t  (1950a) h a s
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shown t h a t  In  mouse l i v e r  th e  p r o p o r t i o n  o f  C la s s  I I  and 
C la s s  I I I  n u c l e i  i s  lo w er  in  young a n im a ls  th a n  in  a d u l t s .  
M oreover, M cK ellar (1949) h a s  fo u n d ,  u s i n g  J a c o b j ’ s (1925) 
h i s t o l o g i c a l  m e th o d , t h a t  th e  p r o p o r t i o n  o f  p o l y p l o i d  h e p a to c y te  
n u c l e i  i n  th e  l i v e r  o f  th e  r a t  i n c r e a s e s  w i t h  a g e .  F o r  
exam ple , i n  a  young  r a t  (body w e ig h t  37 g . )  o n ly  23$ o f  
th e  h e p a to c y te  n u c l e i  were t e t r a p l o i d  a s  a g a i n s t  70% i n  an  
a d u l t  a n im a l  (body w e ig h t  245 g . ) .  (T here  i s  no m en tio n  
o f  t h e  o c c u r r e n c e  o f  o c t o p l o i d  o r  1 6 - p l o i d  n u c l e i . )
Assuming a g a i n  t h a t  t h e  d i p l o i d  n u c le u s  c o n t a i n s  0 .6 5  pg .
DNAP t h i s  means t h a t  th e  a v e ra g e  DNAP c o n t e n t  o f  th e  h e p a t o ­
c y te  n u c l e i  s h o u ld  be
(0 .6 5  x  77) + (2 x  0 .6 5  x  23)
100
f o r  t h e  young a n im a l  and
= 0 .7 9 9  p g .
(0 .6 5  x 30) -f (2 x 0 . 6 5 x  70) _ x 105
100
f o r  th e  a d u l t .  Assuming a l s o  t h a t  th e  h e p a t o c y t e s  i n  e a c h  
c a se  a c c o u n te d  f o r  60$ o f  t h e  t o t a l  p o p u l a t i o n  o f  n u c l e i  i n  
th e  l i v e r  a n d  t h a t  th e  n o n - h e p a lo c y te  n u c l e i  were a l l  d i ­
p l o i d ,  t h e  a v e ra g e  DNAP c o n t e n t  o f  a l l  t h e  l i v e r  n u c l e i  
sh o u ld  be
100 ~ # 
f o r  th e  young a n im a l  and
(1 .1 0 5  x 60) + (0 .6 5  x  40) ^= 0 .9 2 4  pg .
100
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f o r  t h e  a d u l t .  These f i g u r e s  a l s o  a re  i n  good a g re em e n t  
w i th  t h e  v a lu e s  o f  0 .7 5 8  p g .  and  0 .9 1 3  pg . fo u n d  e x p e r i ­
m e n ta l ly  f o r  n u c l e i  i s o l a t e d  from  th e  l i v e r s  o f  young and  
a d u l t  a n im a ls  r e s p e c t i v e l y  (T ab le  2 0 ) .
I t  seems t h e r e f o r e  r e a s o n a b l e  t o  c o n c lu d e  (a )  t h a t  
t h e  h ig h  a v e ra g e  MAP c o n te n t  p e r  n u c le u s  i n  r a t  l i v e r  a s  
compared w i th  o t h e r  r a t  t i s s u e s  i s  due t o  th e  o c c u r r e n c e  
o f  p o l y p lo i d y ,  and (b) t h a t  t h e  n u c l e i  i s o l a t e d  fro m  r a t  
l i v e r  by th e  t e c h n iq u e  u s e d  i n  t h e  p r e s e n t  s e r i e s  o f  e x p e r i ­
m ents  c o n s t i t u t e  a r e a s o n a b l y  r e p r e s e n t a t i v e  sample o f  th e  
w hole  p o p u l a t i o n  o f  n u c l e i  i n  t h i s  o rg a n .
As h a s  a l r e a d y  b e en  p o i n t e d  o u t  i n  S e c t io n  2 . 1 ,  th e  
r e s u l t s  o b t a i n e d  f o r  l i v e r  r e g e n e r a t i n g  a f t e r  p a r t i a l  
h e p a tec to m y  a re  o f  p a r t i c u l a r  i n t e r e s t  b e c a u se  o f  t h e  ex ­
t r e m e ly  h ig h  r a t e  o f  g ro w th  i n  t h i s  t i s s u e  ( s e e  T a b le  2 5 ) .  
W hile m i t o s i s  o c c u r s  w i t h  a  f r e q u e n c y  o f  1 i n  7000 t o  1 i n  
20 ,00 0  i n  th e  l i v e r  o f  a  n o rm a l a d u l t  r a t  (B ru es  Sc M a rb le ,  
1937; M arshak & B yron, 1945) t h e  f r e q u e n c y  may r e a c h  1 i n  
40 f o r  p a renchym al c e l l s  and 1 i n  100 f o r  b i l e  d u c t  c e l l s  
d u r in g  th e  fo u r  d ay s  f o l lo w in g  p a r t i a l  h e p a te c to m y  (A ber­
crom bie  & H a rk n e s s ,  1 9 5 1 ) .  I t  i s  o b v io u s  t h a t  MA m ust be 
s y n t h e s i z e d  d u r in g  c e l l  m u l t i p l i c a t i o n  b u t  t h e r e  h av e  b e e n  
c o n f l i c t i n g  r e p o r t s  an  t h e  r e l a t i o n  o f  MA s y n t h e s i s  t o  
th e  s t a g e s  o f  th e  m i t o t i c  c y c l e .  S w if t  (1950a) and W alker 
Sc Y a te s  (1952a , b) have  c o n c lu d e d ,  on  th e  b a s i s  o f  c y to -
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p h o to m e t r ic  e x p e r im e n t s ,  t h a t  DNA s y n t h e s i s  p r e c e d e s  m i t o s i s  
so t h a t  n u c l e i  a b o u t  t o  u n d e rg o  m i t o s i s  c o n t a i n  a  d o u b le  
q u a n t i t y  o f  M A . T h is  v iew  i s ,  t o  some e x t e n t ,  s u p p o r t e d  
by th e  a u to r a d io g r a p h  e x p e r im e n ts  o f  Howard & P e lc  (Howard 
& P e l c ,  1951 ; P e lc  & Howard, 1952) w h ich  a p p e a r  to  show 
t h a t  in  th e  g row ing  bean  r o o t  u p ta k e  o f  r a d i o a c t i v e  p h o s ­
p ho rus  i n t o  DNA o c c u r s  d u r i n g  i n t e r p h a s e .  I f  i t  i s  
c o r r e c t  a  r a p i d l y  g row ing  t i s s u e  c o n t a i n i n g  many n u c l e i  
w h ich  a r e  abou t t o  d i v i d e  sh o u ld  h a v e  an  i n c r e a s e d  a v e ra g e  
DNA c o n te n t  p e r  n u c l e u s .  On th e  o t h e r  h an d , S e sh a c h a r  
(1 9 5 0 ) ,  P a s t e e l s  Sc L iso n  (1950b , c)  and M arinone (1951) 
have  a l l  c o n c lu d e d  t h a t  h a l f  th e  n o rm al  n u c l e a r  c o n t e n t  o f  
DNA g o es  t o  e ac h  d a u g h te r  n u c le u s  a t  m e tap h a se  a n d  t h a t  t h e  
f u l l  n u c l e a r  c o n te n t  i s  r e s t o r e d  by s y n t h e s i s  o f  new MA 
a t  t e l o p h a s e .  T h is  p r o c e s s  would  n o t  be  e x p e c te d  to  a f f e c t  
t h e  a v e ra g e  DNA c o n te n t  p e r  n u c le u s  i n  th e  t i s s u e  u n l e s s  t h e  
n u c l e a r  membranes o f  t h e  d a u g h te r  n u c l e i  fo rm ed  b e f o r e  MA 
s y n t h e s i s  was c o m p le te ,  i n  \ ih ic h  c a s e  th e  a v e ra g e  DNA c o n ­
t e n t  p e r  n u c le u s  would be d e p r e s s e d .  The f a c t  t h a t ,  i n  th e  
p r e s e n t  i n v e s t i g a t i o n ,  t h e  a v e ra g e  MA c o n te n t  p e r  n u c le u s  
i n  th e  l i v e r  d u r i n g  th e  f i r s t  f o u r  d a y s  o f  r e g e n e r a t i o n  
a f t e r  p a r t i a l  h e p a te c to m y  (T ab le  25) was 10 -  50$ above 
th e  mean v a lu e  fo un d  f o r  u n o p e r a te d  a n im a ls  o f  th e  same s e x ,  
s t r a i n  and body w e ig h t  (T ab le  20 and  T ab le  2 1 ,  S e c t l o n l )
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would a p p e a r  t o  s u p p o r t  S w i f t ’ s h y p o t h e s i s  t h a t  MA 
s y n t h e s i s  p re c e d e s  m i t o s i s .
I t  i s  o f  some i n t e r e s t  t h a t  ev en  6 - 1 0  days  a f t e r  
t h e  o p e r a t i o n ,  when th e  p h a se  o f  r a p i d  g row th  h ad  e n d ed , 
th e  a v e ra g e  MAP c o n te n t  p e r  n u c l e u s  (T ab le  25) was s t i l l  
above t h e  no rm al l e v e l  f o r  u n o p e r a te d  a n im a l s .  The same 
t r e n d  i s  a p p a r e n t  i n  th e  r e s u l t s  of P r i c e  & L a i r d  (1 9 5 0 ) .
This s u g g e s t s  t h a t  th e  r e s t o r e d  l i v e r  may p e rh a p s  c o n t a i n  
an i n c r e a s e d  p r o p o r t i o n  o f  p o l y p lo i d  n u c l e i .  S u lk in  
(1943) h a s ,  i n  f a c t , s h o w n  by m easu rem en ts  o f  n u c l e a r  volume 
t h a t  i n  r e s t o r e d  l i v e r  (28 days a f t e r  p a r t i a l  h e p a te c to m y )
5 .7 0 $  o f  th e  h e p a t o c y t e  n u c l e i  a r e  d i p l o i d ,  68.10% t e t r a -  
p l o i d ,  2 2 .4 0 $  o c t o p l o i d  and  3 .8 0 $  1 6 - p l o i d .  On th e  
a s su m p tio n  t h a t  t h e  d i p l o i d  n u c le u s  c o n t a i n s  0 .6 5  pg . MAP 
th e  a v e ra g e  MAP c o n te n t  p e r  h e p a t o c y t e  n u c le u s  i n  such  a 
l i v e r  sh o u ld  b e
(0 .6 5  x 5 .70)4-(2  x 0 .65  x 6 8 . 10) + (4 x  0 .6 5  x  2 2 . 40 )+ (S  x 0 .6 5  x 3 . 8 0 )
100
= 1 .7 0 3  pg .
Again  a ssu m in g  t h a t  t h e  h e p a t o c y t e s  a c c o u n t  f o r  o n l y  60 $  
o f  t h e  n u c l e i  In  th e  l i v e r  and  t h a t  th e  n o n - h e p a to c y te  n u c l e i  
a r e  a l l  d i p l o i d ,  i t  f o l l o w s  t h a t  t h e  a v e ra g e  MAP c o n te n t  
p e r  n u c le u s  f o r  th e  w hole  l i v e r  sh o u ld  be
11 .703  x  60) 4- (0 .6 5  x  40)
100
= 1 .2 8  pg .
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The d i f f e r e n c e  be tw een  t h i s  f i g u r e  and  t h a t  o f  1 .0 6  pg . 
c a l c u l a t e d  above from  S u l k i n ’ s r e s u l t s  f o r  n o rm al l i v e r  i s  
o f  t h e  same o r d e r  a s  t h a t  fo u n d  i n  th e  p r e s e n t  s e r i e s  o f  
e x p e r im e n ts  b e tw ee n  t h e  a v e ra g e  MAP c o n t e n t  o f  n u c l e i  
i s o l a t e d  from  r e s t o r e d  l i v e r  6 - 1 0  d ay s  a f t e r  h e p a te c to m y  
(T ab le  2 5 ) ,  and th e  a v e ra g e  MAP c o n te n t  o f  n u c l e i  i s o l a t e d  
from  th e  l i v e r s  o f  n o rm al a d u l t  a n im a ls  (T ab le  20 and 
T ab le  2 1 ,  S e c t io n  1 ) .  I t  seem s , t h e r e f o r e ,  t h a t  t h i s  l a t t e r  
d i f f e r e n c e  may be c o m p le te ly  e x p la in e d  i n  te rm s  o f  a  change 
i n  th e  p r o p o r t i o n s  o f  p o l y p lo i d  n u c l e i .  There i s  a 
p a r a l l e l  h e re  w i th  th e  d i f f e r e n c e  b e tw ee n  th e  l i v e r s  o f  
young and  a d u l t  a n im a l s .  I n  b o th  c a s e s  g row th  o f  th e  l i v e r  
i s  accom pan ied  by an  i n c r e a s e  i n  th e  p r o p o r t i o n  o f  p o l y p l o i d  
n u c l e i  and  a c o n se q u e n t  i n c r e a s e  i n  t h e  a v e ra g e  IMA c o n te n t  
p e r  n u c le u s .
I t  a p p e a r s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  i n  t h e  r e s t i n g  
n u c l e i  o f  r a t  t i s s u e s  e a c h  s e t  o f  chromosomes may c o n ta in  
a c o n s t a n t  amount o f  DNA. I f  t h i s  i s  t h e  c a s e  i t  f o l lo w s  
t h a t  In  a d u l t  t i s s u e s  i n  w h ich  m i t o s e s  a r e  i n f r e q u e n t  th e  
a v e ra g e  H A  c o n te n t  p e r  n u c le u s  sh o u ld  n o t  be a f f e c t e d  by 
any c i r c u m s ta n c e  o r  t r e a t m e n t  w h ic h  d o es  n o t  l e a d  t o  e i t h e r  
m u l t i p l i c a t i o n  o r  d e s t r u c t i o n  o f  t h e  n u c l e i .  The r e s u l t s  
o b ta in e d  f o r  t h e  l i v e r s  o f  a d u l t  r a t s  shown i n  T ab le  2 1 ,  
S e c t io n  2 s u p p o r t  t h i s  c o n c l u s i o n .  None o f  t h e  d i e t a r y  
c o n d i t i o n s  a f f e c t e d  t h e  a v e ra g e  DNA c o n te n t  o f  th e  n u c l e i
a l th o u g h  some o f  them  p ro d u ce d  marked ch an g es  i n  t h e  
c h e m ic a l  c o m p o s i t io n  o r  h i s t o l o g i c a l  a p p e a ra n c e  o f  t h e  
l i v e r .  S i m i l a r  r e s u l t s  f o r  t h e  e f f e c t  o f  f a s t i n g  h av e  
been  r e p o r t e d  by M irsky  5c R is  (1 9 5 1 ) ,  Mclndoe 5c D avidson  
(1952) and Fukuda 5c S i b a t a n i  (1 9 5 3 ) ,  f o r  t h e  e f f e c t  o f  
p r o t e i n  d e f i c i e n c y  b y  Cam pbell 5c K o s t e r l i t z  (1952) and 
V i l l e l a  (1 9 5 2 ) ,  and  f o r  th e  e f f e c t  o f  v i ta m in  B-^ d e f i c i e n c y  
by Rose 5c S c h w e ig e r t  (1 9 5 2 ) .
There i s  some e v id e n c e  t o  s u g g e s t  t h a t  th e  r e s p o n s e  
o f  young a n im a ls  t o  p r o t e i n  d e f i c i e n c y  may d i f f e r  from  t h a t  
o f  a d u l t s .  E ly  8c Ross (1 951a , b )  h av e  r e p o r t e d  t h a t  i n  
r a t s  w e ig h in g  130 -  150 g . t h e  a v e ra g e  DNA c o n t e n t  p e r  
n u c le u s  i n  th e  l i v e r ,  p a n c r e a s  and  s m a l l  i n t e s t i n e  i s  
h i g h e r  i n  a n im a ls  m a in ta in e d  on a p r o t e i n - f r e e  d i e t  t h a n  
i n  a n im a ls  m a in ta in e d  on a com plete  d i e t .  S in c e  t h i s  
d i f f e r e n c e  c a n  be  d e m o n s t r a te d  b o th  by  c h e m ic a l  a n a l y s i s  o f  
c o u n te d  s u s p e n s io n s  o f  i s o l a t e d  n u c l e i  and  by c y to p h o to -  
m e t r i c  m easu rem en ts  on i n d i v i d u a l  n u c l e i  in  t i s s u e  s e c t i o n s  
i t  i s  p resu m ab ly  n o t  due t o  a  d i f f e r e n c e  i n  the  p r o p o r t i o n  
o f  p o l y p lo i d  n u c l e i .  T h is  c o n c lu s io n  I s  s u p p o r t e d  by  th e  
work o f  Lecomte 5c Smul (1952) who fo u n d  by c y to p h o to m e t r ic  
m easurem ents  on i n d i v i d u a l  n u c l e i  t h a t  in  r a t s  w e ig h in g  
60 -  65 g .  p r o t e i n  d e f i c i e n c y  f o r  28 days r e s u l t e d  i n  an  
i n c r e a s e  i n  t h e  a v e ra g e  DNA c o n t e n t  o f  t h e  C la s s  I I  ( i . e . ,  
t e t r a p l o i d )  l i v e r  n u c l e i .  I t  i s  n o t  y e t  c l e a r  w ha t s i g -
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n i f l c a n c e  may be a t t a c h e d  to  th e s e  o b s e r v a t i o n s .  I t  may 
be assum ed t h a t  many, i f  n o t  m o s t ,  o f  t h e  c e l l s  i n  th e  
l i v e r s  o f  young a n im a ls  w i l l  e v e n t u a l l y  u n d e rg o  m i t o s i s  
and t h a t  b e f o r e  d o in g  so th e y  w i l l  d o u b le  t h e i r  c o n t e n t  
o f  DNA. I t  i s  c o n c e iv a b le  t h a t  p r o t e i n  d e f i c i e n c y  m ig h t  
i n h i b i t  m i t o s i s  w i th o u t  g r e a t l y  a f f e c t i n g  t h e  p r e m i t o t i c  
s y n t h e s i s  o f  DNA. The c o n s e q u e n t  i n c r e a s e  I n  th e  p r o ­
p o r t i o n  o f  n u c l e i  r e a d y  to  u n d e rg o  m i t o s i s  and  c o n t a i n i n g  
tw ic e  t h e  norm al c o n te n t  o f DNA would t e n d  t o  r a i s e  t h e  
a v e ra g e  DNA c o n te n t  p e r  n u c le u s  f o r  th e  t i s s u e .  T h is  
h y p o th e s i s  f i n d s  some s u p p o r t  i n  t h e  o b s e r v a t i o n  o f  E ly  & 
Ross (1952) t h a t  t h e  number o f  c e l l s  p e r  l i v e r  in  young r a t s  
k e p t  on a p r o t e i n - f r e e  d i e t  f o r  20 o r  30 d a y s  i s  o n ly  75% 
o f  t h a t  fo u n d  in  c o n t r o l  a n im a ls  on  a c o m p le te  d i e t .  N e v e r ­
t h e l e s s ,  t h e  q u e s t i o n  c l e a r l y  r e q u i r e s  f u r t h e r  s t u d y ,  p a r ­
t i c u l a r l y  as Fukuda & S i b a t a n i  (1953) h av e  fo u n d  t h a t  
m a in t a in in g  young r a t s  on  a v e ry  low c a l o r i e  i n t a k e  f o r  4 
weeks so t h a t  g ro w th  i s  a lm o s t  c o m p le te ly  i n h i b i t e d  d oes  
n o t  a f f e c t  th e  a v e ra g e  INA c o n t e n t  o f  t h e  l i v e r  n u c l e i .
The r e s u l t s  f o r  t h e  c o m p o s i t io n  o f  whole l i v e r  o f  
a d u l t  r a t s  shown i n  T ab le  22 , S e c t i o n s  3 ,  4 and 5 c o n f i rm  
and e x te n d  t h e  o b s e r v a t i o n s  p r e v i o u s l y  made by o t h e r  w o rk e rs  
on th e  rem a rk ab le  c o n s ta n c y  o f  the  t o t a l  INA c o n te n t  o f  th e  
l i v e r ,  i . e . ,  o f  th e  t o t a l  number o f  n u c l e i  w h ich  i t  c o n t a i n s  
(D av idso n , 1947a, 1955; Cam pbell & K o s t e r l i t z ,  1950;
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M andel, 1 9 5 1 ) .  In  t h i s  o rg an  th e  n u c l e i  and  t h e i r  
c h a r a c t e r i s t i c  c h em ic a l  com ponent, DNA, fo rm  a c o n s t a n t  
e lem en t  w h i le  LP, PN and  c e l l  m ass ( i n  s h o r t ,  t h e  c y to p la sm )  
v a ry  a  g r e a t  d e a l  d e p en d in g  on t h e  n u t r i t i o n a l  s t a t u s  o f  
t h e  a n im a l .  RNA f o l lo w s  an i n t e r m e d i a t e  p a t t e r n ;  i n  t h e  
i n i t i a l  s t a g e s  o f c o n d i t i o n s  l i k e  s t a r v a t i o n  o r  p r o t e i n  
d e f i c i e n c y  th e r e  i s  a m arked d e c r e a s e  in  t h e  RNA c o n te n t  
o f  th e  l i v e r  "out t h i s  t r e n d  i s  n o t  p r o g r e s s i v e  l i k e  t h e  
changes  i n  th e  c o n s t i t u e n t s  m en tio n ed  a b o v e .  A s i m i l a r  
t r e n d  can  be  s e e n  i n  th e  d a t a  o f  R o s t e r l i t z  (1 9 4 7 ) .  These 
o b s e r v a t i o n s  s u g g e s t  t h a t  o n ly  p a r t  o f  th e  RNA o f  th e  c e l l  
i s  l a b i l e .  T h is  c o n c lu s io n  i s  a l s o  s u p p o r te d  by  th e  d a t a  
o b t a in e d  by M untw yler and h i s  a s s o c i a t e s  i n  th e  c o u r s e  o f  
t i s s u e  f r a c t i o n a t i o n  e x p e r im e n ts  on r a t  l i v e r .  T hese  
I n d i c a t e  t h a t  p r o t e i n  d e f i c i e n c y  a f f e c t s  t h e  RNA c o n te n t  o f  
th e  s o - c a l l e d  s u p e r n a t a n t  o r  c e l l  sa p  f r a c t i o n  ( s e e  S e c t io n  
1 .4 )  much l e s s  th an  t h a t  o f  th e  o t h e r  t i s s u e  f r a c t i o n s  
(M untw yler, S e i f t e r  h H a rk n e s s ,  1950 ; S e i f t e r ,  M untw yler 
6c H a rk n e s s ,  1 9 5 0 ) .  The e f f e c t  i s  more c l e a r l y  se e n  i f  
M u n tw y le r1s f i g u r e s ,  w hich  a r e  p r e s e n t e d  a s  am ounts p e r  
u n i t  w e ig h t  o f  l i v e r ,  a r e  r e c a l c u l a t e d  a s  t o t a l  amounts 
p e r  l i v e r .  W ikram anayake, Heagy & Munro (1952) have  a l s o  
o b se rv e d  t h a t  p r o t e i n  d e f i c i e n c y  h a s  a  s e l e c t i v e  e f f e c t  on 
th e  RNA c o n te n t  o f  d i f f e r e n t  c e l l u l a r  f r a c t i o n s  o f  t h e  r a t  
l i v e r .
As h a s  a l r e a d y  "been p o i n t e d  o u t  ( S e c t i o n  2 . 1 ) ,  an  
im p o r ta n t  co nsequ en ce  o f  t h e  c o n s t a n c y ,  a t  l e a s t  u n d e r  
c e r t a i n  c o n d i t i o n s ,  o f  t h e  a v e ra g e  DNA c o n te n t  p e r  n u c le u s  
i s  t h a t  th e  amount o f  BNA p r e s e n t  i n  a t i s s u e  can  be u s e d  
to  e s t im a t e  th e  number o f  n u c l e i  w h ic h  i t  c o n t a i n s .
S e v e ra l  g ro u p s  o f  w o rk e rs  h a v e  a l r e a d y  d e s c r i b e d  m ethods 
f o r  e s t im a t i n g  th e  number o f  n u c l e i  i n  a t i s s u e .  B ru e s ,  
D ru ry  & Brues (1936) have c o u n te d  th e  number o f  h e p t a t o c y t e  
n u c l e i  in  a known a r e a  o f  a l i v e r  s e c t i o n  of known t h i c k n e s s  
and h ence  c a l c u l a t e d  th e  number o f  such  n u c l e i  i n  t h e  w hole  
l i v e r .  The a c c u ra c y  o f  t h i s  m ethod i s  v e r y  d o u b t f u l  s i n c e  
i t  depends e n t i r e l y  on th e  t h i c k n e s s  o f  th e  s e c t i o n  u s e d  
f o r  c o u n t in g  b e in g  e x a c t l y  known. I t  i s ,  m o re o v e r ,  to o  
t e d i o u s  and t im e -c o n su m in g  f o r  r o u t i n e  u s e .  T h is  se co n d  
c r i t i c i s m  a p p l i e s  a l s o  t o  t h e  v e ry  com plex  h i s t o l o g i c a l  
m ethod r e c e n t l y  d e v i s e d  by C a rn e s ,  Weissman & G o ld b e rg  
(1952) which in v o lv e s  m easu rem en ts  o f  t h e  r e l a t i v e  vo lum es 
o f  n u c l e i  and c y to p la s m , o f  t h e  a v e ra g e  a b s o l u t e  volume o f  
th e  n u c l e i ,  and o f  t h e  t o t a l  volume o f  t h e  l i v e r .  These 
m ethods a r e  a p p l i c a b l e ,  o f  c o u r s e ,  t o ; a l l  ty p e s  o f  t i s s u e .
I t  h a s  a l r e a d y  b een  i n d i c a t e d  above t h a t  t h e  number o f  
n u c l e i  i n  a  sam ple  o f  l i v e r  t i s s u e  may be e s t i m a t e d  by 
hom ogen iz ing  in  d i l u t e  c i t r i c  a c i d  and  c o u n t in g  th e  n u c l e i  
i n  th e  hom ogenate  ( P r i c e  & L a i r d ,  1 9 5 0 ) .  Mizen 5c P e t e r -  
mann (1952) hav e  r e c e n t l y  em ployed a m o d i f i c a t i o n  o f  t h i s
m ethod in  w h ich  0.88M s u c r o s e  c o n t a i n i n g  a t r a c e  of c a lc iu m  
c h l o r i d e  i s  u sed  i n  p l a c e  o f  d i l u t e  c i t r i c  a c i d ,  to  d e te r m in e  
t h e  num ber o f  n u c l e i  i n  n o rm al  and  leu k a em ic  mouse s p l e e n .  
T hese  m ethods a r e  c o m p a r a t iv e ly  s im p le  and r a p i d  b u t  t h e y  
can  o n ly  be a p p l i e d  to  s o f t  t i s s u e s  w i t h  a  d e n se  n u c l e a r  
p o p u l a t i o n ,  l i k e  l i v e r  and s p l e e n .  M oreover, i t  i s  a l ­
ways p o s s i b l e  t h a t  f a l l a c i o u s l y  low r e s u l t s  may be o b t a i n e d  
due t o  d e s t r u c t i o n  o f  n u c l e i  d u r i n g  h o m o g e n iz a t io n .  I t  
seems t h e r e f o r e  t h a t  t h e  m ost r e l i a b l e ,  a s  w e l l  a s  th e  m ost 
g e n e r a l ,  m ethod o f  e s t i m a t i n g  th e  number o f  n u c l e i  i n  a  
t i s s u e  i s  t o  d i v i d e  i t s  t o t a l  c o n t e n t  o f  DNA by i t s  a v e r ­
age MA c o n t e n t  p e r  n u c le u s  (a s  d e te r m in e d  by a n a l y s i s  o f  
i s o l a t e d  n u c l e i ) .
A seco n d  c o n seq u en ce  o f  the  c o n s ta n c y  o f  th e  a v e r a g e  
UTA c o n te n t  p e r  n u c le u s  i s  t h a t ,  a s  h a s  a l r e a d y  b e en  o b s e rv e d  
(S e c t io n  2 . 1 ) ,  i t  makes p o s s i b l e  th e  c a l c u l a t i o n  o f  t h e  
a v e ra g e  c o m p o s i t io n  p e r  c e l l  o f  a sam ple  o f  t i s s u e .  In  
t i s s u e  a n a l y s i s  t h e  r e s u l t s  o b t a in e d  m ust n e c e s s a r i l y  be 
r e l a t e d  to  some s t a n d a r d  of r e f e r e n c e  -  u s u a l l y  t h e  f r e s h  
w e ig h t  o r  d ry  w e ig h t  o f  th e  t i s s u e .  T h is  means t h a t  an  
a p p a r e n t  change  i n  a m ea su re d  v a r i a b l e  may som etim es be due 
to  a  change in  th e  s t a n d a r d  o f  r e f e r e n c e .  F o r  exam ple , i n  
th e  p r e s e n t  i n v e s t i g a t i o n  i t  was fo u n d  t h a t  d u r in g  a 4 8 -  
hou r f a s t  t h e  c o n c e n t r a t i o n s  o f  SNAP, LP and MAP p e r  
100 g .  o f  f r e s h  l i v e r  a l l  i n c r e a s e d  (T ab le  2 2 ,  S e c t io n  4 ) .
But c a l c u l a t i o n s  o f  th e  t o t a l  am ounts p e r  l i v e r  show t h a t  
th e  MAP c o n te n t  rem a in e d  un changed  w h i l e  th e  LP, PN and  
MAP a c t u a l l y  d e c r e a s e d  by  20 -  30%. The a p p a r e n t  i n c r e a s e ,  
on a  f r e s h  w e ig h t  b a s i s ^ w a s  due t o  a  f a l l  o f  a lm o s t  40/£ i n  
th e  l i v e r  w eight and c o u ld  be  q u i t e  m i s l e a d i n g .  O b v io u s ly ,  
i t  i s  d e s i r a b l e  t h a t  th e  s t a n d a r d  o f  r e f e r e n c e  s h o u ld  n o t  
change d u r in g  an e x p e r im e n t .
The s i m p le s t  way o f  a v o id in g  t h i s  d i f f i c u l t y  i s  t o  
q u o te  th e  t o t a l  amount o f  e a c h  component p e r  l i v e r  a s  I s  
done i n  th e  exam ple a b o v e .  T h is  m ethod h a s  two l i m i t a t i o n s :  
( l )  i t  i s  o n ly  a p p l i c a b l e  where a whole o rg a n  I s  a v a i l a b l e  
f o r  a n a l y s i s  and  c a n n o t  be u se d  f o r  t i s s u e s  s u c h  a s  bone 
marrow o r  f o r  b io p s y  s p e c im e n s ;  and (2) ch an g es  i n  c e l l  
number c a n n o t  be d i s t i n g u i s h e d  from  c h an g e s  i n  a v e r a g e  c e l l  
c o m p o s i t io n .  A more s a t i s f a c t o r y  p ro c e d u re  i s  to  u s e  t h e  
DNA c o n te n t  of* th e  t i s s u e  a s  a m easu re  o f  c e l l  number and 
th e  r a t i o s  o f  o t h e r  t i s s u e  com ponents t o  DNA a s  a m ea su re  
o f  a v e ra g e  c e l l  c o m p o s i t io n .  T h is  overcom es the  l i m i t a t i o n s  
o f  th e  p r e v io u s  m ethod a n d  h as  t h e  a d d i t i o n a l  a d v a n ta g e  t h a t  
i t  may b r i n g  to  l i g h t  s i g n i f i c a n t  c h an g e s  i n  c e l l  co m po s i­
t i o n  which would o th e r w i s e  be o b s c u re d  by random v a r i a t i o n s  
i n  c e l l  num ber. F o r  e x am p le ,  th e  c h a n g e s  i n  l i v e r  w e ig h t  
and t o t a l  c o n te n t  o f  LP and MAP d u r in g  th e  se co n d  week on 
th e  p r o t e i n - f r e e  d i e t  (T ab le  2 1 ,  S e c t io n  4) a r e  n o t  s t a t i s t i ­
c a l l y  s i g n i f i c a n t ,  w h i le  t h e  ch an ge  i n  t o t a l  PN c o n te n t  i s
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s i g n i f i c a n t  o n ly  on t h e  b% l e v e l  ( s e e  T able  6 2 ) .  I f  t h e  
r e s u l t s  a re  r e f e r r e d  t o  DNAP, h o w ev er ,  i t  becomes a p p a r e n t  
t h a t  t h e r e  a r e  s i g n i f i c a n t  d e c r e a s e s  i n  a v e ra g e  c e l l  mass 
(P 0 .0 0 1 )  an d  a v e ra g e  c e l l  c o n t e n t  o f  LP (P 0 .0 1 )  and  
BN (P <  0 .0 2 )  w h i le  t h e  a v e ra g e  c o n t e n t  o f  KNAP p e r  c e l l  
h a s  n o t  changed  (se e  T ab le  5 7 ) .
I t  sh o u ld  be m e n tio n ed  t h a t  H a r r i s o n  (1953b) h a s  
r e c e n t l y  a t t e m p te d  to  u s e  t h i s  a p p ro a c h  to  c a l c u l a t e  n o t  
on ly  th e  a v e ra g e  c o m p o s i t io n  o f  a l l  t h e  c e l l s  in  t h e  r a t  
l i v e r  b u t  a l s o  th e  a v e ra g e  c o m p o s i t io n  o f  t h e  d i p l o i d  c e l l s  
a lo n e .  S in c e ,  how ever ,  h e r  c a l c u l a t i o n s  a r e  b a se d  on  th e  
f a l s e  a s s u m p t io n  t h a t  th e  l i v e r  c e l l s  a re  a l l  o f  t h e  same 
ty p e  ( v i z . ,  h e p a t o c y t e s  o f  v a r y i n g  d e g r e e s  o f  p l o i d y )  th e  
r e s u l t s  w h ich  she h a s  o b t a i n e d  In  t h i s  w ay  a r e  o f  r a t h e r  
d u b io u s  s i g n i f i c a n c e .
The a n a l y s i s  o f  a  t i s s u e  w h ic h  I s  b e in g  i n f i l t r a t e d  
w i th  tumour c e l l s  i s  a c a s e  w h ich  c a l l s  f o r  s p e c i a l  c o n ­
s i d e r a t i o n .  The c o m p o s i t io n  o f  su c h  a t i s s u e  may be 
a f f e c t e d  by a t  l e a s t  t h r e e  d i s t i n c t  f a c t o r s .
( i )  As th e  number o f  tum our c e l l s  i n c r e a s e s  t h e  
c o m p o s i t io n  a s  a whole w i l l  t e n d  t o  a p p ro a c h  t h a t  
o f  t h e  tum our c e l l s .  I f  t h e  tumour n u c l e i  a r e  a l l  
d i p l o i d  w h i le  some o f  t h e  n u c l e i  o f  th e  no rm al 
t i s s u e  a r e  p o l y p l o i d ,  a s  i n  r a t  l i v e r ,  th e  p r o g r e s s
o f  th e  tum our w i l l  be m arked by  a  s t e a d y  d e c r e a s e  
in  th e  a v e ra g e  DNA c o n t e n t  p e r  n u c l e u s .  I f ,  on 
th e  o t h e r  h a n d , th e  tumour n u c l e i  c o n t a i n  more
MA th a n  th e  n u c l e i  o f  th e  no rm al t i s s u e ,  a s  i s
th e  c a se  i n  c e r t a i n  mouse tum ours (K le in ,  K u rn ic k  &
K le in ,  1950 ; G o ld b e rg ,  K le in  5c K le in ,  1950; K l e in ,  
1951; K le in  5c K l e in ,  1952 ; L e u c h te n b e rg e r ,  K le in  
5c K l e in ,  1952a , b ;  P e te rm ann  5c S c h n e id e r ,  1951; 
B a d e r ,  1953) and i n  a t  l e a s t  one fo w l tumour 
(Mclndoe 8c D a v id so n , 1952) , t h e r e  w i l l  be a s te a d y  
i n c r e a s e  i n  t h e  a v e r a g e  DNA c o n te n t  p e r  n u c le u s .
( i i )  I f  t h e  tum our i s  g row ing  r a p i d l y  i t  may c o n t a i n  
a  s i g n i f i c a n t  p r o p o r t i o n  o f  n u c l e i  w h ic h  a r e  a b o u t  
t o  d i v id e  and have  f o r  t h a t  r e a s o n  more t h a n  t h e i r  
n o rm al r e s t i n g  complement o f  DNA, T h is  would te n d  
t o  r a i s e  t h e  a v e ra g e  IN A c o n te n t  p e r  n u c l e u s .
( i i i )  I f  t h e  g row ing  n o d u le s  o f  tumour t i s s u e  com­
p r e s s  t h e  n o rm al t i s s u e  t o  such an e x t e n t  t h a t  i t
d e g e n e r a t e s ,  t h e  n u c l e i  o f  th e  l a t t e r  may u n d ergo
p y k n o s is  and l o s e  DNA ( L e u c h te n b e rg e r ,  19 5 0 ) .
S in c e  e a c h  of t h e s e  f a c t o r s  h a s  some e f f e c t  on th e  
a v e ra g e  DNA c o n t e n t  p e r  n u c le u s  i t  m ig h t  be th o u g h t  t h a t
l i t t l e  p u rp o se  would be s e rv e d  by  r e f e r r i n g  th e  a n a ly s e s
o f  such  t i s s u e s  t o  DNA. I n s p e c t i o n  o f  the  r e s u l t s  ob­
t a i n e d  in  th e  p r e s e n t  i n v e s t i g a t i o n  w i th  r a t s  f e d  a
c a r c i n o g e n ic  d i e t  (T ab le  24) shows, h o w ev er ,  t h a t  t h i s  i s  
n o t  t h e  c a s e .  In  r a t s  n o s .H I ,  H7, H8, H9, H10, H l l ,  4 6 5 ,
466 and  467 i n f i l t r a t i o n  o f  t h e  l i v e r  w i th  n o d u le s  o f  
tum our t i s s u e  h a d  p ro c e e d e d  to  th e  p o i n t  w here i t  was c l e a r l y  
v i s i b l e  t o  t h e  naked e y e .  Y e t th e  l i v e r  w e ig h ts  o f  th e s e  
a n im a ls  and t h e  t o t a l  c o n t e n t s  p e r  l i v e r  o f  LP, FN and 
MAP a r e  n o t  s t r i k i n g l y  d i f f e r e n t  from  t h o s e  found  i n  th e  
c o n t r o l s .  Nor h a s  t h e  g ro w th  o f  th e  tum our n o d u le s  g r e a t l y  
a f f e c t e d  t h e  c o n c e n t r a t i o n s  o f  LP, PN and KNAP p e r  100 g . 
f r e s h  t i s s u e .  I t  i s  o n ly  when t h e  t o t a l  amounts o f  D1AP 
p e r  l i v e r  a r e  exam ined t h a t  i t  becomes c l e a r  t h a t  t h e r e  h a s  
b e e n  a n  i n c r e a s e  i n  th e  t o t a l  number o f  s e t s  o f  chromosomes 
p e r  l i v e r  o f  a n y th in g  be tw een  25% and  100%. T h is  m ig h t  be 
due t o  an i n c r e a s e  in  th e  t o t a l  number o f  n u c l e i  in  t h e  
l i v e r ,  o r  in  t h e  p r o p o r t i o n  o f  p o l y p lo i d  n u c l e i ,  o r  b o th .  
S ince  i n  t h e  p r e s e n t  c a s e  t h e r e  i s  a  s im u lta n e o u s  f a l l  i n  
th e  a v e ra g e  IMAP c o n t e n t  p e r  n u c le u s  the  f i r s t  e x p la n a t i o n  
i s  o b v io u s ly  t h e  c o r r e c t  on e . Thus i t  i s  c l e a r  t h a t  th e  
i n t e r p r e t a t i o n  o f  th e  a n a l y s i s  o f  a tu m o u r -b e a r in g  t i s s u e  
i s  g r e a t l y  f a c i l i t a t e d  i f  i t s  t o t a l  c o n te n t  o f  3NA, and 
p r e f e r a b l y  a l s o  i t s  a v e ra g e  UNA c o n te n t  p e r  n u c l e u s ,  a r e  
known.
2 .5  Summary and  conc l u s i o n s .
The g e n e r a l  c o n c lu s io n s  w hich  emerge from  t h e  r e s u l t s  
o b t a i n e d  i n  th e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts  on th e  MA 
c o n te n t  o f  r a t  c e l l  n u c l e i  may be sum m arized a s  f o l lo w s .
In  b o th  young and  a d u l t  a n im a l s ,  s p l e e n ,  l u n g ,  s m a l l  
i n t e s t i n e ,  s a l i v a r y  g l a n d ,  l e u c o c y t e s ,  h e a r t ,  bone marrow, 
p a n c re a s  a n d  thymus a l l  h av e  th e  same a v e ra g e  MA c o n te n t  
p e r  n u c l e u s .  The a v e ra g e  MA c o n te n t  p e r  n u c le u s  i n  th e  
l i v e r  o f  t h e  a d u l t  a n im a l  i s  30% g r e a t e r  th an  th e  f i g u r e  
o b ta in e d  f o r  th e  n o n - h e p a t i c  t i s s u e s  and i s  i n c r e a s e d  
a f t e r  p a r t i a l  h e p a te c to m y .  The c o r r e s p o n d in g  f i g u r e s  f o r  
young a n im a ls  and  embryos a r e  much low er  and c l o s e r  to  
th o s e  fo u n d  f o r  t h e  n o n - h e p a t i c  t i s s u e s .
These o b s e r v a t i o n s  a r e  c l e a r l y  i n c o n s i s t e n t  w i th  t h e  
B o iv in -V e n d re ly  h y p o t h e s i s  as  o r i g i n a l l y  e n u n c ia t e d ,  v i z , , 
t h a t  i n  a g i v e n  s p e c i e s  a l l  th e  so m a tic  n u c l e i  have th e  same 
c o n te n t  o f  MA. They a r e ,  ho w ever, q u i t e  c o n s i s t e n t  w i th  
th e  a s su m p t io n  t h a t  i n  any  g iv e n  s p e c i e s  t h e  DNA c o n te n t  
p e r  s e t  o f  chromosomes i s  c o n s t a n t  f o r  a l l  r e s t i n g  i n t e r ­
phase  n u c l e i ,  s i n c e  t h e r e  i s  e v id e n c e  o f  a p u r e l y  h i s t o l o g i ­
c a l  n a t u r e  t h a t  r a t  l i v e r  c o n ta in s  a c o n s id e r a b le  p r o p o r t i o n  
° f  p o l y p l o i d  n u c l e i  w h ich  i s  g r e a t e r  i n  th e  a d u l t  t h a n  in  
t h e  young a n im a l  and w hich  i s  i n c r e a s e d  a f t e r  p a r t i a l  
h e p a te c to m y . T h is  a s su m p tio n  m ig h t c o n v e n ie n t ly  be te rm ed  
th e  m o d i f ie d  B o iv in -V e n d re ly  h y p o t h e s i s .
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I f  t h e  DNA c o n te n t  p e r  s e t  o f  chromosomes i s ,  in  
f a c t ,  c o n s t a n t  f o r  a l l  t h e  r e s t i n g  n u c l e i  o f  a g iv en  s p e c i e s  
m i t o s i s  m ust be  accom pan ied  by a  sudden  s y n t h e s i s  o f  DNA. 
S in c e  I t  h a s  b e en  fo u n d  i n  th e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts  
t h a t  th e  a v e ra g e  MA c o n t e n t  p e r  n u c le u s  in  t h e  l i v e r  i s  
m arked ly  i n c r e a s e d  d u r in g  th e  ph ase  o f  r a p i d  co m p en sa to ry  
h y p e r p l a s i a  w h ich  t a k e s  p l a c e  d u r i n g  th e  f i r s t  f o u r  d a y s  
f o l lo w in g  p a r t i a l  h e p a te c to m y  i t  i s  p ro b a b le  t h a t  t h i s  
s y n t h e s i s  o c c u r s ,  a t  l e a s t  to  some e x t e n t ,  i n  p ro p h a se  o r  
l a t e  i n t e r p h a s e .
I f  t h e  IN A c o n t e n t  p e r  s e t  o f  chromosomes i s  c o n s t a n t  
i t  f o l lo w s  a l s o  t h a t ,  e v en  in  a h e t e r o p l o i d  t i s s u e  su c h  a s  
r a t  l i v e r ,  t h e  a v e ra g e  DNA c o n t e n t  p e r  n u c le u s  s h o u ld  n o t  
be a f f e c t e d  by t r e a t m e n t s  w h ich  do n o t  l e a d  t o  m u l t i p l i c a ­
t i o n  o r  d e s t r u c t i o n  o f  t h e  n u c l e i .  In  a c c o rd a n c e  w i t h  
t h i s  p r e d i c t i o n  i t  h a s  b e e n  fo u n d  t h a t  s h o r t - t e r m  d i e t a r y  
t r e a tm e n t s  do n o t  a f f e c t  th e  a v e r a g e  DNA c o n t e n t  p e r  n u c le u s  
i n  t h e  r a t  l i v e r .
I t  seem s , t h e r e f o r e ,  q u i t e  p ro b a b le  t h a t  i n  th e  r a t  
t h e  DNA c o n te n t  p e r  s e t  o f  chromosomes may be c o n s t a n t  f o r  
a l l  r e s t i n g  i n t e r p h a s e  n u c l e i .
S in ce  t h e  a v e ra g e  UNA c o n t e n t  p e r  n u c le u s  i s  a l s o  
c o n s t a n t  w i t h i n  l i m i t s  th e  DNA c o n te n t  o f  a  t i s s u e  may be 
t a k e n  a s  a m easu re  o f  t h e  number o f  n u c l e i  w hich  i t  c o n ta in s
and th e  r a t i o s  o f  o t h e r  t i s s u e  components to  ISA a s  a 
m easure  o f  a v e ra g e  c e l l  c o m p o s i t io n .  I t  h a s  been  shown 
above t h a t  t h i s  m ethod o f  e x p r e s s in g  t h e  r e s u l t s  o f  
t i s s u e  a n a l y s i s  h a s  c o n s i d e r a b le  a d v a n ta g e s  over  more 
c o n v e n t io n a l  m e th o d s ,  p a r t i c u l a r l y  i n  th e  c a se  o f  tum o ur-  
b e a r i n g  t i s s u e s .
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2 .6  S t a t i s t i c a l  a n a l y s e s  o f  d a t a  p r e s e n t e d  i n  
T a b le s  2 0 ,  21 and 22 .
Table 28 .
S t a t i s t i c a l  a n a l y s i s  o f  d a ta  p r e s e n te d  in  Table  2 0 . 
A n a ly s i s  o f  v a r i a n c e  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r ­
e n c e s  i n  mean v a lu e s  o f  13JAP c o n te n t  p e r  n u c le u s ,  a s  
d e te rm in e d  by p h o sp h o ru s  e s t i m a t i o n , f o r  k id n e y ,  s p l e e n ,  
l u n g ,  sm a ll  i n t e s t i n e ,  s a l i v a r y  g l a n d ,  h e a r t ,  bone marrovtf 
and p a n c r e a s ,  o f  a d u l t  a n im a ls .
Source  o f  D egrees o f  Sum o f  Mean V ar ian ce
v a r i a t i o n  freedom  s q u a re s  sq u a re s  r a t i o  (F)
T i s s u e s  27 0 .135751  0 .004307  0 .856
R e s id u a l  8 0 .034456  0 .005027
T o ta l  35 0 .170187
F or n-j_ = 3 0 , ng = 8 , F = 3 .0 8  a t  th e  5% s ig n if ic a n c e  l e v e l .
There i s  th e r e fo r e  no s ig n i f i c a n t  d if f e r e n c e  between th e
means fo r  th e  d i f f e r e n t  t i s s u e s .
T able  29.
S t a t i s t i c a l  a n a l y s i s  o f  d a t a  p r e s e n te d  in  T ab le  20.
A n a ly s i s  o f  v a r i a n c e  to  d e te r m in e  s i g n i f i c a n c e  o f  d i f f e r ­
e n ce s  i n  mean v a l u e s  o f  MAP c o n te n t  p e r  n u c le u s ,  a s  
d e te rm in e d  by d eo x y p en to se  e s t im a t i o n ,  f o r  k id n e y ,  s p l e e n ,  
lu n g  and  sm a ll  i n t e s t i n e ,  o f  a d u l t  a n im a ls .
S ource  o f  
v a r i a t i o n
T is s u e s
R e s id u a l
T o t a l
D egrees o f  Sums o f  
f reedom  sq u a re s
3 0 .040263
20 0 .181296
23 0 .221559
Mean
s q u a re s
0 .013421
0 .009065
V arian ce  
r a t i o  (F )
1 .481
For n^ = 3 , m.2 = 2 0 , F = 3 .1 0  a t  th e  5 fa  s ig n if ic a n c e  le v e l ,
There i s  th e r e fo r e  no s ig n i f i c a n t  d if f e r e n c e  between
th e  means f o r  th e  d i f f e r e n t  t i s s u e s .
Table 3 0 .
S t a t i s t i c a l  a n a ly s is  o f  data  p resen ted  in  Table 2 0 .
A n a l y s i s  o f  v a r i a n c e  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r ­
en ce s  i n  mean v a lu e s  o f  MAP c o n te n t  p e r  n u c le u s ,  a s  
d e te r m in e d  by u l t r a v i o l e t  ab so r p t i o n  m easurem ents ,  f o r  
k i d n e y ,  s p l e e n ,  lu n g ,  s m a l l  i n t e s t i n e ,  s a l i v a r y  g la n d , 
l e u c o c y t e s , h e a r t  an d  p a n c r e a s ,  o f  a d u l t  a n im a l s .
S o u rc e  o f  
v a r i a t i o n
T is s u e s
R e s id u a l
T o t a l
D eg rees  o f  Sums o f  
f reedom  s q u a re s
7 0 .018669
24 0 .087837
31 0 .106506
Mean V a ria n c e
s q u a re s  r a t i o  (F) 
0 .002667 0 .729
0 .003660
F or n-  ^ = 7 ,  ng = 24 F = 3 .5 0  a t  b% s ig n if ic a n c e  l e v e l .
There i s  th e r e fo r e  no s ig n i f i c a n t  d if f e r e n c e  betw een
th e  means f o r  th e  d i f f e r e n t  t i s s u e s .
Table 31 .
S t a t i s t i c a l  a n a ly s is  o f  data  p resen ted  in  Table 20 .
A n a ly s i s  o f  v a r i a n c e  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r ­
e n c e s  i n  mean v a lu e s  o f  MAP c o n te n t  p e r  n u c le u s ,  a s  
d e te r m in e d  by  phosphorus  e s t im a t i o n ,  f o r  k id n e y ,  s p l e e n ,  
l u n g ,  s m a l l  i n t e s t i n e ,  s a l i v a r y  g la n d  and thym us, o f  young 
a n im a l s .
V a r ian ce  
r a t i o  (F )
2 .4 7
S ou rce  o f  D egrees o f  Sums o f  Mean 
v a r i a t i o n  freedom  s q u a re s  sq u a re s
T i s s u e s  5 0 .019317  0 .003863
R e s id u a l  7 0 .010924  0 .001561
T o ta l  12 0 .030241
F or nx = 5 ,  n2 = 7 F = 3 .9 7  a t  th e  b% s ig n if ic a n c e  l e v e l ,
There i s  th e r e fo r e  no s ig n i f i c a n t  d if f e r e n c e
betw een  th e  means fo r  th e  d i f f e r e n t  t i s s u e s .
Table 5 2 .
S t a t i s t i c a l  a n a ly s is  o f  d a ta  p resen ted  in  Table 2 0 ,
A n a l y s i s  o f  v a r i a n c e  to  d e te rm in e  s i g n i f i c a n c e  o f  - d i f f e r ­
e n c e s  i n  mean v a lu e s  o f  IMAP c o n te n t  p e r  n u c l e u s , a s  
d e te r m in e d  by  d e o x y p en to se  e s t i m a t i o n ,  f o r  k id n e y ,  spleen 
and  thym us, o f  young a n im a l s .
S ou rce  o f D egrees o f Sums o f Mean V a r ia n c e
v a r i a t i o n freedom s q u a re s s q u a re s r a t i o  (F)
T is s u e s 2 0 .000621 0 .000511 0 .0552
R e s i d u a l 5 0 .028195 0.005659
T o ta l 7 0 .028816
F o r  n-^ s  2 , n 2 = 5 ,  F = 1 5 .2 7  a t  b% s i g n i f i c a n c e  lew©!.
T here  i s  t h e r e f o r e  no  s i g n i f i c a n t  d i f f e r e n c e  
b e tw e e n  th e  means f o r  t h e  d i f f e r e n t  t i s s u e s .
Table 5 5 .
S t a t i s t i c a l  a n a l y s i s  o f  d a ta  p r e s e n te d  in  Table  20 . 
A n a ly s i s  o f  v a r i a n c e  t o  d e te rm in e  s i g n i f i c a n c e  of d i f f e r ­
e n c e s  i n  mean v a lu e s  o f  MAP c o n te n t  p e r  n u c le u s ,  as  
d e te rm in e d  by u l t r a v i o l e t  a b s o r p t io n  m easu rem en ts , f o r  
k id n e y ,  s p l e e n ,  lu n g ,  sm a ll  i n t e s t i n e ,  s a l i v a r y  g lan d  and 
thym us, o f  young a n im a ls .
S ou rce  o f  
v a r i a t i o n
T is s u e s
R e s id u a l
T o ta l
D egrees o f  Sums of Mean V ariance
freedom  sq u a re s  sq u a re s  r a t i o  (P)
5 0 .013230 0 .002646 0 .6 4 6
7 0 .028769  0 .004110
12 0 .041999
For n-^  = 5 ,  n 2 = 7 , F = 3 .9 7  a t  th e  5% s ig n if ic a n c e  l e v e l
There i s  th e r e fo r e  no s ig n i f i c a n t  d if fe r e n c e  between
th e  means f o r  th e  d i f f e r e n t  t i s s u e s .
Table 54 .
S t a t i s t i c a l  a n a ly s is  o f  d a ta  p resen ted  in  Table 2 0 .
” t ,f t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  
a v e ra g e  HJAP c o n te n t  p e r  n u c le u s  a s  d e te rm in e d  by p h o s­
p h o ru s  e s t i m a t i o n ,  be tw een  th e  t i s s u e s  o f  th e  a d u l t  male 
a l b i n o  r a t .
T i s s u e s  com pared D egrees o f
freedom
L iv e r and  k id n e y 44
it tt s p le e n 44
ft tt lu n g 42
tt tt s m a l l
i n t e s t i n e 40
it tt s a l i v a r y
g la n d
38
« tt l e u c o c y te s 40
tt tt p a n c re a s 38
Value o f  C o rresp o n d in g
fft ,f found  v a lu e  o f  11P11
9 .7 4 < 0 001
10 .40 < 0 001
8 .3 4 CO 001
4 .8 4 < 0 001
3 .5 4 < 0 0 1  -
7 .0 3 < 0 001
3 .9 7 < 0 001
Table 55 .
S t a t i s t i c a l  a n a ly s is  o f  d a ta  p resen ted  in  Table 2 0 .
Mt !l t e s t s  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  in  mean 
v a lu e s  f o r  th e  a v e ra g e  DtTAP c o n te n t  p e r  n u c le u s ,  as  
d e te r m in e d  by d eo x y p en to se  e s t i m a t i o n , be tw een  d i f f e r e n t  
t i s s u e s  o f  th e  a d u l t  male a lb in o  r a t .
T i s s u e s  compared
L i v e r  and  k id n e y
!f u s p l e e n
” n lu n g
,f !r s m a l l
i n t e s t i n e
D egrees o f  
freedom
35
36 
33
32
Value o f  Corre spond ing  
nt u found  v a lu e  o f  ,fPlf
6 .3 1
6.12
4 .7 9
2 .8 7
<  0 .0 0 1  
<  0 .0 0 1  
<  0 . 0 0 1
<  0.01
Table 36 .
S t a t i s t i c a l  a n a ly s is  o f  data  p resen ted  in  Table 20 .
11 t M t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  mean 
v a lu e s  f o r  a v e ra g e  HtfAP c o n te n t  p e r  n u c le u s ,  a s  d e te rm in e d  
by  u l t r a v i o l e t  a b s o r p t i o n  m easu rem en ts , between d i f f e r e n t  
t i s s u e s  o f  t h e  a d u l t  male a lb in o  r a t .
T i s s u e s  compared D egrees o f V alue o f Cor r e  spond ing
freedom " t "  found v a lu e  o f  nP”
L iv e r and k id n e y 44 5 .8 9 <  0 .001
ft 11 s p l e e n 44 6 .4 4 <  0 .001
If ” lu n g 42 5 .4 1 <  0 .001
II 11 s m a l l  
i n t e s t i n e
40 4 .7 7 <  0 .0 0 1
tt 11 s a l i v a r y  
g la n d 38
2 .9 9 <  0 .0 1
It 11 p a n c re a s 38 2 .0 8 < 0 . 0 5
Table 37 .
S t a t i s t i c a l  a n a ly s is  o f  data p resen ted  in  Table 20 .
wt fr t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  of d i f f e r e n c e s  i n  mean 
v a lu e s  f o r  a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  i n  th e  l i v e r  
be tw een  young and a d u l t  r a t s .
Method o f  
d e t e r m i n a t i o n
D egrees o f  V alue o f  C o rresp ond ing
freedom  nt !f foun d  v a lu e  o f  UPU
P h o sp h o ru s
e s t i m a t i o n 49 6 .76 < 0 .0 0 1
D eoxy pen to se
e s t i m a t i o n 39 3 .6 5 < 0 . 0 0 1
U l t r a v i o l e t
a b s o r p t i o n
m easurem ents
49 3 .9 1 < 0 . 0 0 1
Table 58.
S t a t i s t i c a l  a n a ly s is  o f  d a ta  p resen ted  in  Table 20 .
,ft ,! t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  mean 
v a lu e s  f o r  a v e ra g e  HtfAP c o n te n t  pe r  n u c le u s  in  th e  l i v e r  
be tw een  a d u l t  and embryo r a t s .
Method o f
d e t e r m i n a t i o n
D egrees  o f  Value o f  C o rresp ond ing
freedom  f,t ,f found  v a lu e  of l,PH
P h o sp h o ru s
e s t i m a t i o n 40 3 .2 0 <  0.01
D eoxypen tose
e s t i m a t i o n
32 1 .46 > 0.1
U l t r a v i o l e t
a b s o r p t i o n
m easurem ents
40 2 .7 8 <  0.01
Table 59 .
S t a t i s t i c a l  a n a ly s is  o f  data p resen ted  in  Table. 20 .
tft u t e s t s  to  d e te rm in e  s i g n i f i c a n c e  of d i f f e r e n c e s  i n  mean 
v a l u e s  f o r  a v e rag e  UTAP c o n te n t  pe r  n u c le u s  in  th e  l i v e r  
b e tw ee n  young r a t s  and  embryo r a t s .
Method o f  
d e t e r m i n a t i o n
D egrees o f  
freedom
Value o f  C orrespond ing
nt u foun d  v a lu e  o f  ,fPtf
P h o sp ho rus
e s t i m a t i o n
15 0 .592 > 0 .5
D eoxypen tose
e s t i m a t i o n
13 0 .6 8 4 > 0 . 5
U l t r a v i o l e t
a b so rp t io n s
i&easurements
15 0 .7 9 2 > 0 . 4
Table 40 .
S t a t i s t i c a l  a n a ly s is  o f  data presen ted  in  Table 2 1 ,
S e c tio n  1.
A n a ly s i s  o f  v a r i a n c e  to  d e te r m in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  
i n  mean v a lu e s  o f  DNA.P c o n te n t  pe r  n u c le u s  in  the  l i v e r ,  a s  
d e te rm in e d  by ph o sp h o ru s e s t i m a t i o n ,  betw een d i f f e r e n t  groups 
o f  a d u l t  a n im a ls  on s to c k  d i e t .
S ou rce  of 
v a r i a t i o n
Groups
R e s id u a l
T o ta l
D egrees o f
freedom
6
102
108
Sums o f  
sq u a re s
0 .039927
0.879213
0 .919140
Mean
sq u a re s
0.006655
0.008620
V a ria n ce  
r a t i o  (F)
0 .772
For n-j_ = 6 ,  n2 = 100, ^ = 2 .1 9  ^  s ig n if ic a n c e  l e v e l .
There i s  th e r e fo r e  no s ig n i f i c a n t  d if fe r e n c e  between
th e  means for th e  d i f f e r e n t  groups.
Table 41 .
S t a t i s t i c a l  a n a ly s is  o f  data  p resen ted  in  Table 21 ,
S e c tio n  1.
A n a ly s i s  o f  v a r i a n c e  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e  
i n  mean v a lu e s  o f  BMP c o n te n t  pe r  n u c le u s  in  th e  l i v e r ,  a s  
d e te rm in e d  by d eo xyp en to se  e s t i m a t i o n , betw een d i f f e r e n t  
g roup s  o f  a d u l t  a n im a ls  on s to c k  d i e t .
S ource  o f D egrees o f Sums o f Mean V arian ce
v a r i a t i o n freedom sq u a re s sq u a re s r a t i o  (F)
Groups 6 0 .112680 0.01878 1 .18
R e s id u a l 87 1.378729 0.015847
T o t a l 93 1 .491409
F o r  n-^ ss 6 ,  n g = 80 F = 2 .2 1  a t  th e  b% s i g n i f i c a n c e  l e v e l .
There i s  t h e r e f o r e  no s i g n i f i c a n t  d i f f e r e n c e  betw een 
t h e  means f o r  t h e  d i f f e r e n t  g ro u p s .
Table 42 .
S t a t i s t i c a l  a n a ly s is  o f  data  p resen ted  in Table 2 1 ,
S ec t io n  1 ,
A n a ly s i s  o f  v a r i a n c e  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  
i n  mean v a lu e s  f o r  XNAP c o n te n t  p e r  n u c le u s  i n  th e  l i v e r  a s  
d e te rm in e d  by u l t r a v i o l e t  a b s o r p t io n  m easu rem en ts , be tw een  
d i f f e r e n t  g ro u p s  o f  a d u l t  an i m als on s to c k  d i e t .
S ource  o f
v a r i a t i o n
Groups
R e s id u a l
T o ta l
D egrees o f  
freedom  
6 
100 
106
Sums of
s q u a re s
0 .049962
1.254355
1.304317
Mean
sq u a re s
0 .008327
0 .01254
V a r ia n ce  
r a t i o  (F) 
0 .664
F o r  n ^  = 6 , xiq = 100 F = 2 .1 9  a t  th e  5% s i g n i f i c a n c e  l e v e l .
There i s  th e r e fo r e  no s i g n i f i c a n t  d i f f e r e n c e  between
th e  means f o r  the  d i f f e r e n t  groups.
Table 43.
S t a t i s t i c a l  a n a ly s i s  o f  data  presen ted  i n  Table 21 ,
S e c t io n  2,
A n a ly s i s  o f  v a r i a n c e  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  
i n  mean v a lu e s  o f  DNAP c o n te n t  p e r  n u c le u s  i n  th e  l i v e r ,  a s  
d e te rm in e d  by phosphorus  e s t i m a t i o n , between groups o f  a d u l t  
m ale a l b i n o  r a t s  on v a r io u s  d i e t s .
S ou rce  o f  
v a r i a t i o n
Groups
R e s id u a l
T o ta l
D egrees o f  
freedom
9
109
118
Sums o f  
sq u a re s
0.038752
0.853593
0 .892345
Mean
sq u a re s
0 .004306
0.007831
V arian ce
r a t i o  (P
0 .550
F o r  n ^  = 9 ,  ng = 100 F = 1 .9 7  a t  th e  b$ s i g n i f i c a n c e  ]&rel.
There i s  th e r e fo r e  no s i g n i f i c a n t  d i f f e r e n c e  between
th e  means f o r  the  d i f f e r e n t  groups.
Table 44.
S t a t i s t i c a l  a n a ly s is  o f  data presented  i n  Table 21,
S e c t io n  2 .
A n a ly s i s  o f  v a r i a n c e  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  
i n  mean v a lu e s  f o r  DNAP c o n te n t  pe r  n u c le u s  in  the  l i v e r ,  as 
d e te rm in e d  by d e o x y p en to se  e s t i m a t i o n , be tw een  groups o f  
a d u l t  male a lb in o  r a t s  on v a r io u s  d i e t s .
S ou rce  o f  
v a r i a t i o n
Groups
R e s id u a l
T o ta l
D egrees o f  
freedom
9
82
93
Sums of 
sq u a re s
0 .069743
1.081114
1.150857
Mean
sq u a re s
0 .007765
0.013184
V a r ia n ce  
r a t i o  (F)
0 .589
F o r  n-L = 9 ,  n 2 = 80 F = 1 .9 9  a t  th e  bfo s i g n i f i c a n c e  l e v e l ,
There i s  th e r e fo r e  no s i g n i f i c a n t  d i f f e r e n c e  between
th e  means f o r  th e  d i f f e r e n t  groups.
Table 45,
S t a t i s t i c a l  a n a ly s i s  o f  data presen ted  in  Table 21 ,
S e c tio n  2 .
A n a ly s i s  o f  v a r i a n c e  to  de te rm in e  s i g n i f i c a n c e  of d i f f e r e n c e s  
i n  mean DNAP c o n te n t  p e r  n u c le u s  in  th e  l i v e r ,  a s  d e te rm in e d  
by u l t r a v i o l e t  a b s o r p t io n  m easu rem en ts , between groups o f  
a d u l t  male a lb in o  r a t s  on v a r io u s  d i e t s .
S ource  o f  
v a r i a t i o n
Groups
R e s id u a l
T o ta l
D egrees o f  
freedom  
9
107
116
Sums o f
sq u a re s
0.037453
1.096354
1 .133806
Mean
sq u a re s
0 .004364
0.010246
V a ria n ce  
r a t i o  (F) 
0 .4259
F o r  n-j_ = 9 ,  ng = 100 F = 1 .9 7  a t  t h e  5% s i g n i f i c a n c e  l e v e l ,
There i s  th e r e fo r e  no s i g n i f i c a n t  d i f f e r e n c e  between
th e  means fo r  the d i f f e r e n t  groups.
Table 46 .
S t a t i s t i c a l  a n a ly s i s  o f  data  presen ted  in  Table 21,
S e c t io n  3 .
" t ” t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  
tiiean v a l u e s  o f  IMAP c o n te n t  pe r  n u c le u s  be tw een  a l l o x a n -  
d i a b e t i c  r a t s  and c o n t r o l s .
Method o f  
d e t e r m i n a t i o n
P hosp ho rus
e s t im a t i o n
D egrees o f  
freedom
Value o f  
11 t n found
0 .5 6
Value o f  wt w 
r e q u i r e d  f o r  
s i g n i f i c a n c e  a t  
5% l e v e l
2.365
D eoxypentose
e s t i m a t i o n 1 .7 6 2.571
U l t r a v i o l e t
a b s o r p t i o n 0 .2 7 2.365
T here  i s  t h e r e f o r e  no s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  means f o r  th e  two g ro u p s  o f  a n im a ls ,  no m a t t e r  w hich  
o f  t h e  t h r e e  m ethods of e s t i m a t i n g  IMAP i s  u s e d .
Table 4 7 .
S t a t i s t i c a l  a n a ly s i s  o f  d a ta  p resen ted  in  Table 22 ,
S e c t io n  1.
,!t l! t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  in mean 
v a lu e s  f o r  t h e  com p os it ion  o f  whole l i v e r  t i s s u e  between 
m ale a l b i n o  r a t s  of body w e ig h t 212-8 g .  and fem ale  albino 
r a t s  o f  body w e ig h t  207-8g .
Means com pared D egrees o f  Value o f
freedom  " t ” found v a lu e  o f  !,P,f
C o n c e n t r a t io n  o f
MAP (mg./lOO g . l i v e r )  29 4 ,9 6 <  0.001
T o t a l  amount o f  
LP ( m g . / l i v e r ) 29 4 .2 1 <  0.001
T o ta l  anount o f  
PM ( m g . / l i v e r ) 15 1 .6 1 >  0.1
T o t a l  amount o f  
RHAP ( m g . / l i v e r ) 29 1 .3 5 > 0.1
T o ta l  amount o f  
MAP ( m g . / l i v e r ) 29 1 .3 1 > 0.2
T able  48.
S t a t i s t i c a l  a n a l y s i s  o f  d a ta  p r e s e n t e d  in  T ab le  22 , 
S e c t io n  1 .
wt ” t e s t s  t o  d e te rm ine  s i g n i f i c a n c e  of d i f f e r e n c e s  in  mean 
v a lu e s  f o r  th e  co m p o s it io n  o f  whole l i v e r  t i s s u e  bet? /een 
m ale hooded r a t s  o f  body w e ig h t 215-12 g .  and fem ale  hooded 
r a t s  o f  body  w eigh t 215^15 g .
Means com pared D egrees o f  Value o f  C orrespond ing
freedom  n t u fo u nd  v a lu e  of 11P11
C o n c e n t r a t io n  o f  DHAP
(mg./lOO g .  l i v e r )  20 3 .1 4  < 0 . 0 1
T o ta l  amount o f  LP
( m g . / l i v e r )  20 4 .2 1  <  0 .001
T o ta l  amount o f  PH
(mg . / l i v e r )  20 0 .9 2  > 0 . 3
T o ta l  amount o f  KHAP
( m g . / l i v e r ) 20 0 .6 8  > 0 . 5
T o ta l  amount o f  MAP
(mg . / l i v e r )  20 2 .2 6  < 0 . 0 5
Table 49.
S t a t i s t i c a l  a n a ly s is  o f  data  presented  in
Table 2 2 ,  S e c t io n  1.
ut "  t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  of d i f f e r e n c e s  i n  mean 
v a lu e s  f o r  tbe  c o m p o s i t io n  o f  whole l i v e r  t i s s u e  betw een 
m ale a l b i n o  r a t s  o f  body w e ig h t  212-8  g . and fem ale  a lb i n o  
r a t s  o f  body w eigh t 207 -8  g .
Means compared
LP
( p g . / p g .  MAP)
Degrees o f  V alue o f
freedom
29 3 .4 8
Corre spend ing
" t "  fo u n d  v a lu e  of ,fP!f
0.01
IN •
( P g . /P g .  MAP) 15 2 .5 7 < 0 . 0 5
MAP 
( p g . / p g .  SNAP) 29 3 .4 6 <  0.01
T issu e  mass
( p g . /p g .  MAP) 29 4 .7 1 <  0 .0 0 1
Table 50.
S t a t i s t i c a l  a n a ly s i s  of data presented  in
Table 2 2 ,  S e c tio n  1.
Ht !f t e s t s  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  mean 
v a lu e s  f o r  t h e  c o m p o s it io n  o f  whole l i v e r  t i s s u e  be tw een  
m ale hooded r a t s  o f body w e ig h t  215-12 g . and fem a le  hooded 
r a t s  o f  body w e ig h t  215-15 g .
Means compared
LP
( p g . / p g .  DNAP)
D egrees o f  Value o f  C o rrespond ing
freedom  ut n found  v a lu e  o f  11P”
20 4 .3 7 0 .0 0 1
m
( p g . / p g .  MAP) 20 3 .1 3 <  0.01
MAP
( p g . / p g .  m a p ) 20 3 .1 5 <  0.01
T issu e  mass
( p g . /p g .  BHAP) 20 3 .1 2 0 .01
Table 51.
S t a t i s t i c a l  a n a ly s is  o f  data presen ted  in
Table 22 , S e c t io n  2.
" t 11 t e s t s  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  mean 
v a lu e s  f o r  the  co m p o s it io n  o f  whole l i v e r  t i s s u e  between 
n o n -p re g n a n t  fem a le  a lb in o  r a t s  o f  body weight 199-11 g . 
and  p re g n a n t  fem ale  a lb in o  r a t s  o f  b o d y ,w e ig h t  254-17  g^
Means compared D egrees o f  V alue o f  C orresp ond ing
freedom  >!t t> found  v a lu e  of 11 Pu
T o ta l  amount o f
MAP ( m g . / l i v e r )  22 0 .6 9  > 0 . 4
LP ( P g . /p g .  BMP) 22 3 .9 8  < 0 . 0 0 1
PN ( p g . / p g .  BMP) 14 2 .0 0  > 0 . 0 5
KNAP ( p g . / p g .  BMP) 22 5 .0 5  < 0 . 0 0 1
T issu e  mass
( p g . /p g .  BMP) 22 2 .5 5  < 0 . 0 2
Table 52.
S t a t i s t i c a l  a n a ly s i s  o f  data p resen ted  in
Table 2 2 ,  S e c t io n s  3 and 4.
A n a ly s i s  o f  v a r i a n c e  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  
i n  mean v a lu e s  o f  t o t a l  MAP c o n te n t  p e r  l i v e r  be tw een g ro u p s  
o f  a d u l t  male a lb i n o  r a t s  on v a r io u s  d i e t s .
S o u rce  o f  
v a r i a t i o n
Groups
R e s id u a l
T o ta l
D egrees o f  Sums o f  
freedom  sq u a re s
9 0 .7239
123 9 .4050
132 10 .1289
Mean V a ria n ce
sq u a re s  r a t i o  (F) 
0 .0804  1 .05
0 .0765
F o r  n i  s  9 ,  rig = 125 F = 1 .9 5  a t  th e  s i g n i f i c a n c e  l e v e l .
There i s  th e r e fo r e  no s i g n i f i c a n t  d i f f e r e n c e  between
th e  means fo r  the d i f f e r e n t  groups.
Table 53.
S t a t i s t i c a l  a n a ly s i s  o f  data p resen ted  in
Table 2 2 , S ec t io n  2,
” t n t e s t s  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  in  
mean v a lu e s  f o r  th e  c o m p o s it io n  o f  whole l i v e r  t i s s u e  
be tw een  male a lb i n o  r a t s  o f  body w eigh t 221-14 g . on 
s t o c k  d i e t  and s i m i l a r  r a t s  (o f  i n i t i a l  body w e ig h t  
2 2 4 ^ 1 2 ) ,  a f t e r  a 7 2 -h o u r  f a s t .
i
Means compared D egrees o f  Value o f  C o rresp o n d in g
freedom ,ft n found v a lu e  o f  ” Pn
LP
( p g . / p g .  MAP) 46 4 .0 6 < 0 .0 0 1
m
( P g . /P g .  MAP) 27 2 .2 4 <  0 .0 5
MAP 
( p g . / p g .  MAP) 46 4 .3 1 < 0.001
T issu e  mass
(p g . /p g .  SNAP) 46 6 .9 4  < 0 . 0 0 1
Table 54.
S t a t i s t i c a l  a n a ly s i s  o f  d a ta  presented  in
Table 22 , S ec tio n  3 .
f!t n t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  
mean v a lu e s  f o r  c o m p o s it io n  o f  whole l i v e r  t i s s u e  be tw een  
male a l b i n o  r a t s  on s e m i - s y n th e t i c  d i e t  (b) and s i m i l a r  
an im a ls  a f t e r  a 4 8 -h o u r  f a s t .
Means compared
LP
(Pg./pg. MAP)
D egrees o f  
f reedom
26
Value o f
5 .5 2
Corre sponding
nt ?l found  v a lu e  o f  11PH
< 0 .0 0 1
m
(pg ./pg . MAP) 15 4 .2 5 < 0.001
RNAP 
(pg./pg. m a p ) 26 1 0 .28 <  0 .0 0 1
T issu e  mass
( p g . /p g .  MAP) 26 9 .38 <  0 .0 0 1
Table 55.
S t a t i s t i c a l  a n a ly s is  of* data p resen ted  in
Table 22 , S ec tio n  4 .
ut ,f t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  in  
mean v a lu e s  f o r  th e  co m p o s it io n  o f  whole l i v e r  betw een 
m ale a lb in o  r a t s  on th e  s e m i - s y n th e t i c  d i e t  and s im il a r  
a n im a ls  on th e  t h i a m i n e - d e f i c i e n t  d i e t .
Means compared
LP
( P g . /p g .  MAP)
Degrees o f  
freedom
23
Value o f
6 .18
C orrespond ing
” t n found  v a lu e  o f  !tP!f
<  0.001
PET
( P g . /p g .  MAP) 12 2 .7 2 <  0.02
RNAP 
( P g . /p g .  MAP) 23 9 .8 9 <  0 .0 0 1
T issu e  mass
( p g . /p g .  MAP) 23 8 .29 < 0 . 0 0 1
Table 56.
S t a t i s t i c a l  a n a ly s i s  o f  data p resen ted  in
Table 22 , S e c t io n  4 .
f,t ,f t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  in  
mean v a lu e s  f o r  c o m p o s it io n  o f  whole l i v e r  t i s s u e  betw een  
male a lb in o  r a t s  on the  s e m is y n th e t ic  d i e t  and s i m i l a r  
a n im a ls  m a in ta in e d  on th e  p r o t e i n  f r e e  d i e t  f o r  7 d a y s .
Means compared D egrees o f  
f reedom
Value o f  C o rrespond ing
Mt tf found  v a lu e  o f  HPH
LP
( P g . /p g .  MAP) 25 8 .1 5 < 0 .0 0 1
PN
( P g . /P g .  MAP) 15 5 .28 < 0.001
KNAP 
( P g . /p g .  MAP) 25 11 .08 < 0 .0 0 1
T issu e  mass
( p g . /p g .  MAP) 25 4 .37 < 0 . 0 0 1
Table 57.
S t a t i s t i c a l  a n a ly s i s  o f  data  p resen ted  in
Table 22,  S e c t io n  4 .
,ft fl t e s t s  to  d e te rm in e  s i g n i f i c a n c e  of d i f f e r e n c e s  i n  
mean v a lu e s  f o r  c o m p o s it io n  o f  whole l i v e r  t i s s u e  be tw een  
male a l b i n o  r a t s  m a in ta in e d  on th e  p r o t e i n  f r e e  d i e t  (c) 
^ o r  *7 days and s i m i l a r  an im als  m a in ta in e d  on th e  same d i e t  
f o r  15 d a y s .
Means compared D egrees o f  Value o f  C orrespond ing  
freedom  nt ,f found v a lu e  o f  ” PU
LP
(P S ./P S .  BNAP) 22 3 .1 6 <  0.01
m
( p g . / p g .  MAP) 14 2^91 < 0 . 0 2
ENAP 
(P g . /P g .  DNAP) 22 0 .4 0 > 0 . 5
T issu e  mass
( p g . /p g .  MAP) 22 3 .8 2 <  0 .0 0 1
Table 58.
S t a t i s t i c a l  a n a ly s i s  o f  data presen ted  in
Table 22, S e c tio n  3 .
” t ” t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  in  mean 
v a lu e s  f o r  c o m p o s it io n  o f  whole l i v e r  t i s s u e  betw een male 
a l b i n o  r a t s  on th e  s to c k  d i e t  and s i m i l a r  an im als  m a in ta in e d  
on th e  h i g h - f a t  d i e t  f o r  14 d a y s .
Means compared
LP
( p g . / p g .  DNAP)
D egrees o f  
freedom
56
Value o f  
” t ff found
6.11
C orrespon d ing  
v a lu e  o f  nPn
< 0.001
' PN
( p g . / p g .  BNAP) 32 2 .6 9 < 0 .0 2
MAP
( p g . / p g .  m a p ) 56 6 .0 9 < 0 .0 0 1
T issu e  mass
(p g . /p g .  MAP) 56 1 .60 > 0 .1 0
Table 59.
S t a t i s t i c a l  a n a ly s i s  o f  data  p resen ted  in
Table 22,  S e c t io n  4 .
” t tt t e s t s  to d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  
mean v a lu e s  f o r  c o m p o s it io n  o f  whole l i v e r  t i s s u e  betw een 
male a lb i n o  r a t s  on th e  s e m i - s y n th e t i c  d i e t  and s i m i l a r  
a n im a ls  m a in ta in e d  on t h e  t h io a e e t a m id e - c o n ta in in g  d i e t  
f o r , 7 d a y s .
Means compared
LP
( p g . / p g .  MAP)
D egrees of 
freedom
16
Value o f  Cor re  spond ing
” t n found  v a lu e  o f  nPfl
0 .3 4 > 0 . 5
m
( p g . / p g .  m a p ) 1 .6 1 < 0 . 2
RNAP 
( p g . /p g .  MAP) 16 1 .97 < 0.1
T issu e  mass
( p g . /p g .  MAP) 16 0 ,9 5 > 0 . 5
Table 60.
S t a t i s t i c a l  a n a ly s i s  o f  data  presented  in
Table 2 2 , S e c t io n s  3 and 4.
111" t e s t  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e  in  mean 
v a lu e s  f o r  c o m p o s i t io n  o f  whole l i v e r  t i s s u e  betw een male 
a lb i n o  r a t s  o f  body w eigh t 221-14 g . on s to c k  d ie t  and 
s i m i l a r  r a t s  o f  body w e ig h t  223*12 g .  on s e m i- s y n th e t i c  
d i e t .
Means compared D egrees  o f  V alue o f  C o rrespond ing
freedom  11 t H found v a lu e  o f  uPn
LP
( p g . / p g .  BSfAP) 54 2 .6 8  < 0 . 0 1
Table 61.
S t a t i s t i c a l  a n a ly s is  o f  data p resen ted  in
Table 22,  S e c t io n  5 .
ut n t e s t s  t o  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  in  mean
v a lu e s  f o r  th e  c o m p o s i t io n  o f  whole l i v e r  t i s s u e  between
r a t s  made d i a b e t i c  by i n j e c t i o n  o f a l l o x a n  and. c o n t r o l
a n im a ls  i n j e c t e d  w i th s a l i n e .
Means compared Degrees o f Value o f C orrespond ing
freedom Mt n found v a lu e  o f  ”Pn
L iv e r  w e ig h t 7 5 .7 8 < 0 .01
T o ta l  amount o f  LP 
( m g . / l i v e r )
7 3 .5 0 <  0 .0 1
T o t a l  amount o f  MAP 
( m g . / l i v e r )
7 3 .0 0 < 0 . 0 2
T o t a l  amount o f  ©NAP 
( m g . / l i v e r )
7 1 .8 3 > 0 .1
LP (P g . /P g .  MAP) 7 - 0 .6 2 >  0 .5
MAP ( p g . / p g ,  MAP) 7 1 .26 > 0 . 2
T is s u e  mass 7 1 .8 6 > 0 .1
(P g ./p g *  MAP)
Table  6 2 ,
S t a t i s t i c a l  a n a ly s i s  o f  data presented  in
Table 22 , S e c t io n  4.
111” t e s t s  to  d e te rm in e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  mean 
v a lu e s  f o r  th e  c o m p o s it io n  o f  whole l i v e r  t i s s u e  betv/een 
m ale a lb i n o  r a t s  m a in ta in e d  on th e  p r o t e i n - f r e e  d i e t  (c) 
f o r  7 days and s i m i l a r  an im als  m a in ta in e d  on th e  same d i e t  
f o r  15 d a y s .
Means compared D egrees o f  Value o f  C o rrespond ing
freedom  11 t u found  v a lu e  o f  ,fPn
L iv e r  w e ig h t  23
T o t a l  amount o f  LP 22
( m g . / l i v e r )
T o ta l  amount o f  H  14
( m g . / l i v e r )
T o ta l  amount o f  RNAP 22 
( m g . / l i v e r )
1 .6 1
0 .7 6
2 .3 4
0 .4 1
> 0.1 
> 0 . 4
<  0 .0 5
>  0 .5
P a r t  I I I .
The R e la t i v e  D e o x y r ib o n u c le ic  A cid  C onten t 
o f  I n d i v i d u a l  N u c le i  in  V a r io u s  Rat T is s u e s  a s  D eterm ined
by C y to p h o to m e try .
The R e la t i v e  Deo x y r ib o n u c le ic  Acid Co n te n t  o f  I n d i v id u a l  
R n b le i  in  V a r io u s  Rat T is s u e s  a s De te rm in e d  by Cyt opho t  ome t r y
3 • 1 O b je c ts  o f  t h e c y t  opho tome t r i e  . i n v e s t i  gation_._
When t h e  s e r i e s  o f  exp erim en ts  d e s c r ib e d  i n  t h e  
p r e c e d in g  pag es  was co n c lu d ed  the  q u e s t io n  a ro s e  w h e ther  
i t  ou gh t to  be supp lem ented  by a e y to p h o to m e tr ic  i n v e s t i ­
g a t i o n .  F iv e  c o n s i d e r a t i o n s  a p p e a re d  to  make t h i s  co u rse  
o f  a c t i o n  a d v i s a b l e .
1) One o f  t h e  main p ie c e s  o f  ev id en ce  on which 
B o iv in ,  V e n d re ly  & V en d re ly  (1948) b a se d  t h e i r  i d e n t i f i c a ­
t i o n  o f  genes  a s  m acrom olecu les  o f  USA was t h e i r  o b s e rv a ­
t i o n  t h a t  in  c e r t a i n  s p e c i e s  ( b u l l ,  c a r p ,  p ik e )  t h e  a v e ra g e  
MA c o n te n t  o f  th e  spe rm atozo a  was a lm o s t  e x a c t l y  h a l f  
t h a t  found  f o r  th e  so m a tic  n u c l e i  (V endrely  & V en dre ly , 1948; 
V e n d re ly ,  1 9 5 2 ) .  Mir sky & R is  (1 9 4 9 ) ,  a s  h a s  a l r e a d y  been  
i n d i c a t e d  (S e c t io n  l . l l ) ,  were a b le  to  c o n f irm  t h i s  f i n d in g  
i n  t h e  c a s e  o f  c e r t a i n  f i s h  and am p h ib ian s .  They r e p o r t e d ,  
how ever, t h a t  b u l l  spe rm atozoa  c o n ta in e d  s i g n i f i c a n t l y  l e s s  
t h a n  h a l f  th e  MA c o n te n t  o f  n u c l e i  i s o l a t e d  from  c a l f  or 
b e e f  t i s s u e s .  Under t h e s e  c i r c u m s ta n c e s  i t  was c l e a r l y  
d e s i r a b l e  t h a t  in  th e  p r e s e n t  i n v e s t i g a t i o n  th e  BN A c o n te n t  
o f  r a t  sp e rm ato zo a  sh o u ld  be d e te rm in e d  f o r  com parison w i th  
t h e  f i g u r e s  found f o r  th e  som atic  n u c l e i  o f  th e  same s p e c i e s .  
U n f o r t u n a t e l y ,  t h i s  p roved  Im p r a c t ic a b le  as  th e  number o f
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spe rm atozoa  w hich  c o u ld  oe o b ta in e d  p o s t  m o rtem by w ashing  
o u t  th e  vas d e f e r e n s  w i th  p h y s i o l o g i c a l  s a l i n e  was to o  
s m a l l  f o r  c h e m ic a l  a n a l y s i s  and  a t te m p ts  to  o b ta in  semen 
from  l i v i n g  a n im a ls  by in d u c in g  e j a c u l a t i o n  by e l e c t r i c a l  
s t i m u l a t i o n  u n d e r  e t h e r  a n a e s t h e s i a  were c o m p le te ly  un­
s u c c e s s f u l .  On th e  o t h e r  hand i t  was a p p a re n t  t h a t  no 
d i f f i c u l t y  would be e x p e r ie n c e d  i n  o b ta in in g  th e  v e ry  sm a ll  
number o f  spe rm atozoa  r e q u i r e d  f o r  c y to p h o to m e tr ie  e s t im a ­
t i o n .
2) In  1950 S w if t  ( S w if t ,  1950a) p u b l is h e d  an 
a cc o u n t  o f  an e x te n s iv e  su rvey  by th e  c y to p h o to m e tr ic  method 
o f  the.-wJUA c o n te n t  o f  n u c l e i  in  a v a r i e t y  o f  mouse t i s s u e s .  
H is r e s u l t s  i n d i c a t e d  t h a t  in  t h i s  s p e c ie s  C lass  I  n u c l e i ,  
c o n ta in in g  th e  d i p l o i d  amount o f  DM"A, o c c u r re d  in  a l l  th e  
t i s s u e s  examined and t h a t  in  most t i s s u e s  a l l  th e  n u c l e i  
were o f  t h i s  t y p e .  C lass  I I  and C lass  I I I  n u c l e i ,  c o n t a i n ­
in g  r e s p e c t i v e l y  tw ice  and  fo u r  t im e s  th e  d i p l o i d  amount o f 
OJA, were a l s o  fo u n d  in  some t i s s u e s ,  n o ta b ly  l i v e r  and 
p a n c r e a s .  E x am in a t io n  o f  f r o g  t i s s u e s ,  on the  o th e r  h and , 
seemed t o  show t h a t  i n  t h i s  s p e c ie s  a l l  som atic  n u c le i  
c o n ta in e d  t h e  same amount o f  INA w i th  t h e  e x c e p t io n  o f  a 
few l i v e r  n u c l e i  w hich  c o n ta in e d  tw ic e  t h i s  amount. Q uite  
a p a r t  f rom  th e  s u p p o r t  w hich  th e s e  o b s e rv a t io n s  len d  to  
th e  th e o r y  t h a t  i n  any g iv en  s p e c ie s  th e  IMA c o n te n t  p e r
s e t  o f  chromosomes i s  c o n s t a n t ,  th ey  a r e  o f  i n t e r e s t  i n a s ­
much a s  they  i n d i c a t e  t h a t  i n  r o d e n ts  p o ly p lo id y  may n o t  
be c o n f in e d  to  th e  l i v e r .  I t  m ight he th o u g h t  t h a t  th e  
r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  i n d i c a t i n g  a s  th e y  
do no s i g n i f i c a n t  d i f f e r e n c e s  in  a v e rag e  W A  c o n te n t  p e r  
n u c le u s  betw een k id n e y ,  s p l e e n ,  lu n g ,  sm a ll  i n t e s t i n e ,  
s a l i v a r y  g la n d ,  l e u c o c y t e s ,  h e a r t ,  bone marrow, p a n c re a s  
and thymus in  th e  r a t ,  ex c lu d e  th e  p o s s i b i l i t y  o f  p o ly ­
p lo id y  in  any  o f  th e s e  t i s s u e s ,  b u t  t h i s  i s  n o t  n e c e s s a r i l y  
th e  c a s e .  I f ,  f o r  exam ple , 5p o f  th e  n u c l e i  in  p a n c re a s  
a r e  t e t r a p l o i d  and t h e  r e s t  d i p l o i d ,  w h ile  a l l  th o se  in  
k id n e y  a r e  d i p l o i d  th e  d i f f e r e n c e  in  av e rag e  INA c o n te n t  
p e r  n u c le u s  betw een t h e  two t i s s u e s  w i l l  o n ly  be 5%, 
w hich  may w e l l  be to o  sm a l l  t o  be r e a d i l y  d e te c t e d  by chemi­
c a l  a n a l y s i s  o f  c o u n te d  su s p e n s io n s  o f  i s o l a t e d  n u c l e i .
Such a s m a l l  p r o p o r t io n  of p o ly p lo id  n u c l e i ,  w h ic h  m ight be 
o f  c o n s id e r a b le  b i o l o g i c a l  Im p o rta n ce ,  c o u ld  be d e m o n s tra ted  
w i t h  e a se  and c e r t a i n t y  by th e  c y to p h o to m e tr ic  t e c h n iq u e .
3) The on ly  c y to p h o to m e tr ic  i n v e s t i g a t i o n  o f  r a t  
t i s s u e s  com parab le  w i th  S w i f t ’ s work on th e  mouse i s  t h a t  
c a r r i e d  o u t  by P a s t e e l s  & L iso n  (1950a, c ) .  In agreem ent 
w i t h  S w if t  t h e s e  w orkers found  t h a t  i n  some o f  the  t i s s u e s  
t h e y  examined a l l  t h e  n u c l e i  c o n ta in e d  th e  d i p l o i d  amount 
o f  W A  ( e . g . ,  i n  lym ph ocy tes ,  k id n e y ,  g a s t r i c  mucosa, and 
a d r e n a l  c o r t e x  and m edu lla )  w hereas in  l i v e r  and p a n c re a s
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t h e  n u c l e i  f e l l  I n to  t h r e e  c l a s s e s  w ith  r e s p e c t  t o  t h e i r  
c o n te n t  o f  DNA. They d i f f e r e d ,  however, from S w if t  in  
f i n d i n g  t h a t  th e  C la s s  I  n u c l e i  o f  l i v e r  c o n ta in e d  o n ly  
6 5 / ,  C la s s  I I ,  115/6, and C lass  I I I ,  3 2 3 /  o f  th e  norm al d i ­
p l o i d  amount o f  ENA. The c o r re s p o n d in g  p e rc e n ta g e s  f o r  
p a n c re a s  w e re :  f o r  C la s s  I ,  7 4 / ;  f o r  C la s s  I I ,  1 5 1 / ;
and f o r  C la s s  I I I ,  2 8 7 / .  These r e s u l t s  were a p p a r e n t ly  
o b ta in e d  from  a s i n g l e  an im al and have n e v e r  been  r e p e a t e d .  
S ub sequen t c y to p h o to m e tr ic  e x p e r im en ts  by L e u c h te n b e rg e r , 
V e n d re ly  & V end re ly  (1951) and by F ra z e r  & Davidson (1953) 
have a l l  I n d i c a t e d  t h a t  in  r a t  l i v e r  th e  C lass  I  n u c l e i  
c o n t a i n  th e  same amount o f  IK A a s  th e  n u c l e i  o f  r a t  k idney  
and t h a t  C la s se s  I I  and I I I  c o n ta in  r e s p e c t i v e l y  tw ic e  and 
f o u r  t im e s  t h i s  am ount. N e v e r th e le s s  th e  r e s u l t s  o f  
P a s t e e l s  & L iso n  c o n s t i t u t e d  an a d d i t i o n a l  re a so n  f o r  i n ­
v e s t i g a t i n g  th e  MA c o n te n t  o f  i n d i v i d u a l  n u c l e i  in  r a t  
l i v e r  and p a n c re a s  by t h e  c y to p h o to m e tr ic  method.
4) I t  h a s  a l r e a d y  been shown (T able  25) t h a t  th e  
a v e ra g e  IMA c o n te n t  p e r  n u c le u s  in  r a t  l i v e r  i s  m arkedly  
i n c r e a s e d  d u r i n g  t h e  phase  o f  v e ry  a c t i v e  grow th  fo l lo w in g  
p a r t i a l  h e p a tec to m y . I t  h a s  a l s o  been shown (Table 24) 
t h a t  t h e  a v e ra g e  IK A c o n te n t  p e r  n u c le u s  i s  lower in  l i v e r s  
i n f i l t r a t e d  by tumour n o d u le s  a s  a r e s u l t  o f  a d m in i s t r a t io n  
o f  d im e th y lam inoazobenzene  th a n  i n  norm al l i v e r .  I t  was 
c l e a r l y  d e s i r a b l e  to  f i n d  o u t  w hat changes i n  the  IMA
12 9$
c o n te n t  o f  t l ie  d i f f e r e n t  c l a s s e s  o f  n u c l e i  o r  i n  t h e i r  
r e l a t i v e  p r o p o r t i o n s  p roduced  th e s e  e f f e c t s  on th e  av e rag e  
c o n te n t  f o r  th e  whole p o p u la t io n .  This co u ld  on ly  be done 
by th e  cy topho  tome t r i e  m ethod.
5) H i t h e r t o  a t t e n t i o n  h a s  been c h i e f l y  d i r e c t e d  
to  t h e  q u e s t io n  o f  t h e  e x i s t e n c e  o f  s i g n i f i c a n t  d i f f e r e n c e s  
i n  a v e ra g e  INA c o n te n t  p e r  n u c le u s  between d i f f e r e n t  
p o p u la t io n s  o f  n u c l e i .  I t  s h o u ld ,  how ever, be p o s s ib l e  
to  e s t im a te  c y to p h o to m e t r i c a l l y  th e  d eg ree  of v a r i a t i o n  
from  one n u c le u s  to  a n o th e r  w i t h in  a s i n g l e ,  a p p a r e n t ly  
hom ogeneous, p o p u la t io n  o f  n u c l e i .
I t  was co n c lu d ed  t h a t  th e  im p o rtan ce  o f  t h e s e  f i v e  
q u e s t io n s  was such  a s  to  j u s t i f y  a c y to p h o to m e tr ic  i n v e s t i ­
g a t i o n .
3 .2  C y to p h o to m e tr ic  m ethods f o r  e s t im a t in g  IMA.
There a re  a t  p r e s e n t  t h r e e  methods by w hich th e  
r e l a t i v e  jGNA c o n te n t s  of i n d i v i d u a l  n u c l e i  in  a t i s s u e  
s e c t i o n  (o r  a p r e p a r a t i o n  o f  i s o l a t e d  n u c l e i )  may be 
e s t im a t e d .
1 ) .  The s e c t i o n  may be s t a in e d  by  th e  method o f  
P e u lg e n  and th e  amounts o f  p u rp le  s t a i n  in  th e  in d iv id u a l  
n u c l e i ,  w hich a re  presumed to  -be p r o p o r t io n a l  to  t h e i r  
o r i g i n a l  c o n te n t s  o f  IMA, may be m easured p h o to m e t r i c a l ly .  
T h is  m ethod a p p e a rs  t o  have been u se d  f i r s t  by S to w e ll  in
1942 ( S to w e l l ,  1942; see  a l s o  Stowe11, 1947). I t s  
p o t e n t i a l i t i e s ,  how ever, were n o t  g e n e r a l ly  r e a l i s e d  u n t i l  
P o l l i s t e r  & Ris (1947) d e v is e d  t h e i r  s i m p l i f i e d  c y to ­
p h o to m e tr ic  a p p a r a t u s .  I t  has  su b s e q u e n t ly  been  a p p l i e d  
to  the  t i s s u e s  o f  v a r io u s  mammals (R is 5c M irsky, 1949a ; 
P o l l i s t e r ,  1950; S w if t ,  1 9 5 0 a ;D iS te fa n o ,  1948a, b ;  R e is n e r  
5c K orson, 1951; K orson, 1951; D ie rm e ie r  e t  a l . ,  1951;
Di S te f a n o ,  B ass ,  D ie rm eie r  5c Tepperman, 1952; A l f e r t ,
1951; A l f e r t  5c B ern , 1951; L e u c h te n b e r g e r , 1950; 
L e u c h te n b e r g e r , V endre ly  & V en d re ly ,  1951; L eu c h te n b e rg e r  
Sc S c h r a d e r ,  1951; E ly  & R oss , 1948, 1951a, b ;  P a s t e e l s  & 
L is o n ,  1950 ; M arinone, 1951; H a o ra ,  1951, 1952; S i b a t a n i ,  
F ukuda , M atsuda 5c N aora , 1 9 5 2 ) ,  o f  th e  f r o g  (Moore, 1952), 
o f  th e  s n a i l  (L e u c h te n b e rg e r  5c S c h ra d e r ,  1 9 5 2 ) ,  o f  th e  
g ra s s h o p p e r  l a r v a  (H a r r in g to n  5c Koza, 19 5 1 ) ,  o f  v a r io u s  
m a n t id s  (H u g h e s-S ch ra d er ,  1 9 5 1 ) ,  o f  th e  p en ta to m id  i n s e c t  
A r v e l iu s  a l b o p u n c ta t u s (S c h rad e r  & L e u c h te n b e rg e r ,  1950), o f  
t h e  s e a - u r c h i n  ( P a s t e e l s  5c L is o n ,  1951) and o f  v a r io u s  
s p e c i e s  o f f i s h  (R is 5c M irsky , 1949). I t  h a s  a l s o  been  
u se d  by Bryan (1951) in  a s tu d y  o f  m ic ro sp o ro g e n e s is  In  
T ra d e s c a n t i a , by S c h ra d e r  5c L e u c h te n b e rg e r  (1949) and S w if t  
(1950b) I n  more g e n e r a l  i n v e s t i g a t i o n s  o f  th e  n u c l e i  o f  the  
same s p e c i e s ,  and by S esh ach ar  (1950) i n  s tu d i e s  on th e  
c i l i a t e  C h i lo d o n e l la .
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A s i m i l a r  method, i n  w hich m eth y l g re e n  s t a i n i n g  
i s  u sed  i n s t e a d  o f  F eu lg en  s t a i n i n g  h a s  been d e v is e d  by 
K urn ick  and o t h e r s  ( P o l l i s t e r  5c L e u c h te n b e rg e r ,  1949;
K u rn ic k ,  1950a, b ;  K urn ick  5c M irsky , 1950; se e  a l s o  
D evreux , Jo h a n sso n  & E r r e r a ,  19 51 ) .  I t  has  n o t  so f a r  
b een  v e ry  w id e ly  employed e x c e p t  to  c o n firm  o r  supplem ent 
r e s u l t s  o b ta in e d  by th e  F eu lg en  method (Di S te fa n o ,  1948a, 
b ;  H a r r in g to n  & Koza, 1951; K orson, 1951; Di S te fa n o  e t  
a l . ,  1952; F r a z e r  & D avidson , 1953) a l th o u g h  K urn ick  him­
s e l f  h a s  u se d  i t  in  a s tu d y  o f  p o ly te n y  in  th e  s a l i v a r y  
g la n d s  o f  D ro s o p h ila  (K urn ick  5c H e rsk o w itz ,  19 52). I t s  
s p e c i f i c i t y  f o r  IN A a p p e a rs  to  depend on th e  d eg ree  o f  
p o ly m e r iz a t io n  o f  th e  l a t t e r  s u b s ta n c e  ( P o l l i s t e r  & L eu c h te n ­
b e r g e r ,  1949; K u rn ic k ,  1950a, b ;  K urnick  5c M irsky , 1950; 
V e r c a u te r e n ,  1950) a l th o u g h  o th e r  f a c t o r s  may a ls o  be i n ­
v o lv ed  ( T a f t ,  1951; A l f e r t ,  1952).
The v a l i d i t y  of b o th  t h e  p re c e d in g  methods depends 
e n t i r e l y  on th e  a ssu m p tio n  t h a t  th e  amount o f s t a i n  p r e s e n t  
i n  a  n u c le u s  i s  s t r i c t l y  p r o p o r t i o n a l  to  i t s  c o n te n t  o f  
LNA. T h is  c an ,  how ever, be e s t im a te d  d i r e c t l y  by m easuring  
th e  u l t r a v i o l e t  a b s o r p t io n  o f  th e  n u c le u s  a t  abou t 260 mj*. 
a f t e r  rem oving  RNA by t r e a tm e n t  w i th  r ib o n u c le a s e  o r  i n  some 
o t h e r  way. This m ethod , which was o r i g i n a l l y  su gges ted  by 
P o l l i s t e r  5c Ris (1 9 4 7 ) ,  has  been  used  by L e u c h te n b e rg e r ,  
L e u c h te n b e r g e r ,  V endre ly  5c V endre ly  (1952), L e u c h te n b e rg e r ,
K le in  & K le in  (1952)  and F r a z e r  & Davidson ( 1 9 5 5 ) .  (See 
a l s o  M e l lo r s ,  Keane Sc P a p a n ic o la o u ,  1 9 5 2 . )
Those w orke rs  who have compared th e  r e s u l t s  ob­
t a i n e d  f o r  norm al t i s s u e s  by th e  t h r e e  methods have g e n e r ­
a l l y  foun d  good agreem en t betw een them (Korson, 1951;  
L e u c h te n b e rg e r ,  V en d re ly  & V en d re ly ,  19 5 1 ;  L e u c h te n b e rg e r ,  
L e u c h te n b e rg e r ,  V en d re ly  5c V e n d re ly ,  1952:; Di S te fa n o  e t  
a l . ,  1 9 5 2 ;  F r a z e r  5c D avidson , 1 9 5 3 ) .  For th e  p r e s e n t  
s e r i e s  o f  e x p e r im e n ts  I t  was d e c id e d  to  use th e  F eu lg en  
method a s  d e s c r i b e d  by F r a z e r  5c Davidson (1953)  s in c e  i t  
a v o id s  the  t e c h n i c a l  d i f f i c u l t i e s  a s s o c i a t e d  w i th  u l t r a ­
v i o l e t  m ic ro sco p y  and s in c e  in  the  hands o f  th e s e  w orkers  
i t  gave more s a t i s f a c t o r y  r e s u l t s  th a n  th e  m ethy l g r e e n  
m eth od .
3 •3 C ytopho tom etry  and th e  F eu lgen  r e a c t i on.
The t h e o r e t i c a l  a s p e c t s  o f  cy to p h o to m etry  in  
g e n e r a l  have b e en  e x t e n s i v e l y  s tu d ie d  by C aspersson  (see 
C a sp e rs so n ,  1950, f o r  a b r i e f  rev iew  and C asp e rsso n , 1936, 
f o r  a more d e t a i l e d  t r e a t m e n t ) .  The v a l i d i t y  o f  the  method 
a s  a p p l i e d  t o  th e  e s t i m a t i o n  o f  LHA in  i n d iv i d u a l  n u c le i  
was. f i r s t  e s t a b l i s h e d  by R is  5c M irsky (1949) and th e  p r i n ­
c i p a l  e r r o r s  to  w h ic h  i t  i s  s u b j e c t  have s in c e  been examined 
by S w if t  (1 9 5 0 a) ,  C l i c k ,  Engstrom  5c Malmstrom (1951),
Moses (1 9 5 2 ) ,  O r n s te in  (1 9 5 2 ) ,  P o l l i s t e r  (1952a), Davies 5c
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Walker (1953) and o t h e r s .  These w i l l  n o t  be d e a l t  w i th  
i n  d e t a i l  h e re  e x c e p t  i n s o f a r  as  th e y  have a d i r e c t  b e a r in g  
on th e  r e s u l t s  o b ta in e d  i n  th e  p r e s e n t  i n v e s t i g a t i o n .
S in c e ,  how ever, t h e  v a l i d i t y  o f  th e s e  depends e n t i r e l y  on 
th e  a s su m p tio n  t h a t  th e  amount o f  p u rp le  dye I n  a F e u lg en -  
s t a i n e d  n u c le u s  i s  p r o p o r t i o n a l  to  th e  amount o f  WA  which 
i t  o r i g i n a l l y  c o n ta in e d ,  i t  i s  n e c e s s a r y ,  b e fo re  p ro c e e d in g  
f a r t h e r ,  to  c o n s id e r  how f a r  t h i s  a ssu m p tio n  may be j u s t i f i e d .
The F e u lg en  te c h n iq u e  a s  a p p l i e d  to  h i s t o l o g i c a l  
s e c t i o n s  c o n s i s t s  e s s e n t i a l l y  o f  two o p e r a t io n s  (Feulgen & 
R o ssen beck , 1924; B ak er ,  1942; G l ic k ,  1949; P e a r s e ,
1 9 5 3 ) ,  v i z . ,
1) h y d r o l y s i s  f o r  a s h o r t  t im e  ( u s u a l ly  5 - 2 0  m in u te s )  
i n  N h y d r o c h lo r i c  a c id  a t  60°C, fo l lo w e d ,  a f t e r  
w a sh in g ,  by
2 ) s t a i n i n g  w i th  f u c h s in - s u lp h u r o u s  a c i d .
I t  i s  g e n e r a l l y  a g re e d  t h a t  th e  p u rp le  c o lo u r  produced  i n  
n u c l e i  and chromosomes by  t h i s  te c h n iq u e  i s  due to  a r e ­
a c t i o n  be tw een  th e  f u c h s in - s u lp h u r o u s  a c i d  and t h e  h y d ro ly s ­
i s  p r o d u c t s  o f  ENA. On th e  b a s i s  o f  a d s o r p t io n  experim en ts  
i n  v i t r o  C a r r  (1945) p u t  fo rw a rd  th e  a l t e r n a t i v e  su g g e s t io n  
t h a t  i t  m ig h t be due to  th e  chromosomes a d so rb in g  fu c h s in  
m o le c u le s  so s t r o n g l y  a s  to  d i s p l a c e  th e  su lp h u ro u s  a c id  
to  w h ich  th e  l a t t e r  were bound and th u s  r e s t o r i n g  t h e i r
p u r p le  c o lo u r .  T h is  t h e o r y ,  w hich  im p l ie s  t h a t  3HA i s  
noi> r e q u i r e d  f o r  a  p o s i t i v e  r e a c t i o n ,  i s  n o t  i n  a cco rd an ce  
w i th  th e  w ell-know n f a c t  t h a t  t i s s u e  s e c t i o n s  w i l l  n o t  
g iv e  a p o s i t i v e  F e u lg en  r e a c t i o n  a f t e r  t r e a tm e n t  w i th  
d e o x y r ib o n u c le a s e  (B ra c h e t ,  19 46 ) ,  an d , in  p a r t i c u l a r ,  t h a t  
t h i s  enzyme r e n d e r s  chromosomes F e u lg e n -n e g a t iv e  w i th o u t  
d e s t r o y in g  t h e i r  p r o t e i n  s t r u c t u r e  (Mazia 8c J a e g e r ,  1939).
I t  may t h e r e f o r e  be r e j e c t e d .  (See a l s o  Dobson, 1946; 
S to w e l l ,  19 4 6 .)
The o r th o d o x  th e o r y  o f  th e  ism chan ism o f  the  F eu lgen  
r e a c t i o n  i s  t h a t  th e  p r e l im in a r y  h y d r o ly s i s  s p l i t s  o f f  
p u r in e  b a s e s  from  th e  H A  m olecu le  th u s  exposing  th e  a l d e ­
hyde groups o f  t h e  c o r re sp o n d in g  deoxy pen to se  r e s id u e s  
( se e  Osborne 8c H eyl, 1 9 0 8 ) . I t  i s  presumed t h a t  in  th e  
second  s t a g e  o f  th e  p ro ce d u re  th e  f u c h s in  m o lecu le s  a t t a c h  
th e m se lv e s  to  th e s e  a ld eh y d e  g roups to  g ive  a c o lo u re d ,  i n ­
s o lu b l e  a d d i t i o n  p ro d u c t  (W ieland 8c Scheuing , 1921; Baker, 
1942; P e a r s e ,  1 953 ) .  On t h e o r e t i c a l  grounds t h i s  hypo­
t h e s i s  seems q u i t e  r e a s o n a b le  s in c e  Tamm, Hodes 8c C hargaff 
(1952) have  shown t h a t  i n  v i t r o  m ild  a c id  h y d r o ly s i s  does 
r e s u l t  i n  a q u a n t i t a t i v e  rem oval o f  p u r in e  r e s i d u e s  from 
t h e  MA m o le cu le  w ith o u t  c o m p le te ly  d e s t ro y in g  i t s  h ig h ly  
p o ly m e r iz e d  s t r u c t u r e  and t h a t  th e  r e s u l t a n t  **apurinic a c i d ” 
does  g iv e  an im m ediate  p u rp le  c o lo u r  w i th  fu c h s in - s u lp h u ro u s  
a c i d .  I t  i s  m oreover su p p o r te d  by th e  r e s u l t s  o f  a c y to -
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p h o to m e tr ic  s tu d y  c a r r i e d  ou t by Di S te fan o  (1948a, b) on 
th e  F e u lg e n  s t a i n i n g  o f  c a r t i l a g e  n u c l e i .  T h is  a u th o r  
found  t h a t  a s  th e  d u r a t io n  o f  th e  p r e l im in a r y  h y d r o ly s i s  
was i n c r e a s e d  up to  a maximum of 12 m in u te s  t h e  i n t e n s i t y  
o f  th e  s t a i n i n g  f i n a l l y  p roduced  was a l s o  i n c r e a s e d .  T h is  
i n c r e a s e  was accom panied by  a 50% r e d u c t io n  i n  th e  u l t r a ­
v i o l e t  a b s o r p t io n  o f  the  n u c l e i  a t  260 mp. due p resum ably  
t o  p u r in e  r e s i d u e s  b e in g  s p l i t  o f f  from  th e  IN A m o le cu le .  
S in c e ,  h ow ever, h y d r o l y s i s  f o r  l e s s  th a n  12 m in u te s  d id  
n o t  a f f e c t  th e  d e g re e  to  which th e  n u c l e i  s t a in e d  w ith  
m e th y l  g re e n  i t  was presumed t h a t  t h i s  "d e p u r in a t io n ” was 
n o t  accom panied  by d e p o ly m e r iz a t io n  of t h e  r e s t  o f the  M  
m o le c u le .  I f  th e  d u r a t i o n  o f  th e  h y d r o l y s i s  was ex ten ded  
from  12 m in u te s  t o  24 m in u tes  th e  u l t r a v i o l e t  a b s o r p t io n  
o f  th e  n u c l e i  a t  260 mjx. and t h e i r  s t a i n a b i l i t y  w i th  b o th  
f u c h s in - s u lp h u r o u s  a c i d  and m eth y l g re e n  d e c re a se d  a lm ost 
to  z e r o ,  i n d i c a t i n g  t h a t  the .MA was b e in g  b roken  down to  
s o lu b l e  f ra g m e n ts  w hich-w ere  d i f f u s i n g  o u t  o f  th e  n u c l e i .  
L a t e r  e x p e r im e n ts  by Thomas (1950) have a l s o  i n d ic a t e d  t h a t  
d u r in g  th e  f i r s t  10  m in u te s  o f  h y d r o ly s i s  p u r in e  r e s id u e s  
a r e  removed from  t h e  IN A m o le cu le  and  t h a t  th e  m olecu le  
i t s e l f  i s  d e p o ly m e r iz e d  o n ly  i f  t h i s  h y d r o ly s i s  tim e i s  ex­
te n d e d .
More r e c e n t l y ,  i t  has become a p p a re n t  t h a t  t h i s  i s
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an o v e rs im p l i f ie d ,  v iew  o f  t h e  s i t u a t i o n .  Stedman 8c S te d -  
man (1950) have r e p o r t e d  t h a t  i f  i s o l a t e d  n u c l e i  a re  f i x e d  
in  a c e t i c - a l c o h o l  and  t r e a t e d  w ith  N h y d r o c h lo r i c  a c i d  a t  
60°0 f o r  10 m in u te s  as in  th e  F e u lg en  p ro ce d u re  th e  h y d r o l y s i s  
f l u i d  i s  s u b s e q u e n t ly  found  to g iv e  a p u rp le  c o lo u r  w i th  
f u c h s in - s u lp h u r o u s  a c i d  and a b lu e  c o lo u r  w i th  th e  d ip h e n y l -  
amine r e a g e n t  o f  Dische ( 1 9 3 0 ) ,  i n d i c a t i n g  t h a t  even w i t h  
t h i s  s h o r t  t im e  o f  h y d r o l y s i s  INA f rag m e n ts  o th e r  th a n  f r e e  
p u r in e s  a r e  b e in g  l o s t  from  th e  n u c l e i .  The m agnitude  o f  
t h i s  l o s s ,  which cou ld  n o t  be e s t im a te d  from  th e  d a ta  pub­
l i s h e d  by Stedman 8c Stedman ( 1 9 5 0 ) ,  h a s  been  s y s t e m a t i c a l l y  
i n v e s t i g a t e d  by S ib a ta n i  & Fukuda ( 1 9 5 3 ) .  These a u th o r s  
f i n d  t h a t  i t  v a r i e s  q u i t e  w id e ly  from one e x p er im en t  to  
a n o th e r  b u t  when th e  tim e o f  h y d r o l y s i s  i s  13 o r  15 m inu tes  
i t  i s  g e n e r a l l y  e q u iv a le n t  t o  ab o u t  1 0 % o f  the  deoxypen tose  
o f  t h e  H A .  I t  c an , a s  E ly  8c Ross (19 4 9 )  have shown, be 
re d u c e d  by c u t t i n g  down th e  h y d r o ly s i s  t im e ,  and B rache t  
(1946) h a s  c la im ed  t h a t  i f  fowl e r y t h r o c y te  n u c l e i  a re  
h y d r o ly s e d  f o r  o n ly  5 m in u te s  th e  h y d r o ly s i s  f l u i d  does n o t  
s u b s e q u e n t ly  g iv e  any c o lo u r  a t  a l l  w i th  th e  d iphenylam ine 
r e a g e n t  ( i . e . ,  t h e r e  i s  no l o s s  o f  deoxypen tose  from the
IMA o f  t h e  n u c l e i ) .
A t o t a l l y  d i f f e r e n t  th e o ry  o f  the  mechanism o f  th e  
F e u lg e n  r e a c t i o n  h as  been p u t  fo rw a rd  by Stedman 8c Stedman
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(1943a, b ,  1944, 1947a, b , 1950). These w orkers  have 
fo u n d  t h a t  i f  a specim en of p u r i f i e d  IMA i s  h y d ro ly ze d  
w i th  N h y d r o c h l o r i c  a c i d  as in  th e  F eu lgen  p ro ce d u re  and 
mixed in  a t e s t - t u b e  w i th  f u c h s in - s u lp h u ro u s  a c id  a c l e a r  
p u rp le  s o l u t i o n  i s  o b t a in e d .  I f  a q u a n t i t y  o f  chromosomin 
( th e  n o n - h i s to n e  p r o t e i n  o b ta in e d  by Stedman & Stedman from  
i s o l a t e d  n u c l e i ,  see  S e c t io n  1 .5  above) i s  added i t  a d ­
so rb s  t h e  dye v e ry  s t r o n g l y  and  i s  n o t  d e c o lo u r i s e d  even by 
r e p e a t e d  w ashing  w i th  w a te r .  Stedman & Stedman t h e r e f o r e  
m a in ta in  t h a t  when a h i s t o l o g i c a l  p r e p a r a t i o n  i s  s t a in e d  by 
t h e  F e u lg en  m ethod th e  p r e l im in a r y  h y d r o ly s i s  c o n v e r t s  the  
ENA to  s o l u b l e  d i f f u s i b l e  f r a g m e n ts .  T hese , in  tu r n ,  com­
b in e  w i t h  th e  f u c h s in - s u lp h u r o u s  a c id  to  g iv e  a s o lu b le  
d i f f u s i b l e  dye w h ich  i s  a d so rb e d  by th e  chromosomin o f  the  
n u c l e u s .  On t h i s  vievj, t h e r e f o r e ,  th e  s t r u c t u r e s  which 
s t a i n  m ost i n t e n s e l y  by th e  Fe lugen  method a re  n o t  those  
w hich  c o n ta in  W A  b u t  th o s e  w hich  c o n ta in  chromosomin.
T h is  seems a r a t h e r  im p la u s ib le  th e o ry .  There can 
be l i t t l e  doubt t h a t  th e  p r e l im in a r y  h y d r o ly s i s  does d e ­
g ra d e  some o f th e  HA to  s o lu b le  d i f f u s i b l e  f rag m e n ts  cap­
a b le  o f  g iv in g  a p u rp le  c o lo u r  w i th  fu c h s in -s u lp h u ro u s  a c id  
b u t  m ost o f  t h e s e  f ra g m e n ts  m ust d i f f u s e  ou t i n to  th e  h y d r o l ­
y s i s  f l u i d ,  where th e y  have been d em o n s tra te d  by E ly  &
Ross (1 9 4 9 ) ,  by S i b a t a n i  & Fukuda (1953) and by Stedman &
Stedman (1950) th e m se lv e s .  The rem ain d er  m ust a lm o s t  c e r ­
t a i n l y  be washed out when th e  p r e p a r a t i o n  i s  r i n s e d  a f t e r  
h y d r o l y s i s  and b e fo re  i t  i s  t r e a t e d  w i th  f u c h s i n - s u l p h u r ­
ous a c i d .  M oreover, i f  th e  Stedman th e o ry  i s  c o r r e c t  i t  
i s  e x t r e m e ly  d i f f i c u l t  to  see  why th e  F eu lgen  method sh o u ld  
s t a i n  p r e c i s e l y  th o s e  s t r u c t u r e s  in  t h e  c e l l  ^ h ic h  can be 
shown by o th e r  methods ( e . g . ,  u l t r a v i o l e t  a b s o r p t io n  m ea su re ­
m ents) t o  c o n ta in  n u c l e i c  a c id  (C a l la n ,  1943; C asp e rsso n , 
1944; B a rb e r  & C a l la n ,  19 44 ) .  The o n ly  r e a l  ev idence  
w hich  can be p rod uced  in  su p p o r t  o f  th e  Stedman th e o r y  i s  
t h a t  th e  p u rp le  dye p roduced  by m ix ing  fu c h s in - s u lp h u ro u s  
a c id  in  v i t r o w i th  h y d ro ly z e d  MA ("d ev e lo p ed  n u c le a l  
s t a i n " )  can  be u s e d  h i s t o l o g i c a l l y  t o  s t a i n  chromosomes 
(C houdhuri,  1943; D a n i e l l i ,  1 947). The r e s u l t s  o b ta in e d  
by t h i s  t e c h n iq u e  a r e ,  how ever, q u i te  d i f f e r e n t  from  th o se  
o b ta in e d  by  th e  F e u lg en  method p ro p e r  s in c e  th e  cy top lasm  
i s  a l s o  s t a i n e d  ( D a n i e l l i ,  1947). In  an  a t te m p t  to  t e s t  
th e  Stedman th e o ry  e x p e r im e n ta l ly  B ra ch e t  (1946) f ix e d  
p u r i f i e d  specim ens o f  -BN'A w i th  a lc o h o l  o r  Zenker and em­
bedded  them in  a g a r - p a r a f f i n .  S e c t io n s  o f  t h e s e  p r e p a r a t i o n s  
were c u t  i n  th e  u s u a l  manner and s t a in e d  b y  th e  Feu lgen  
m ethod . On m ic ro s c o p ic  e x am in a t io n  i t  was found t h a t  the  
p a r t i c l e s  o f  MA had  s t a in e d  i n t e n s e l y  and t h a t  in  th e  
p r e p a r a t i o n s  f i x e d  in  Z enker th e  c o l o r a t i o n  was p e r f e c t l y
l o c a l i z e d .  A lc o h o l - f i x e d  p r e p a r a t i o n s  showed s l i g h t  
d i f f u s i o n .  In  l a t e r  e x p e r im e n ts  on somewhat s i m i l a r  lines 
L e s s l e r  (1951) c o n firm ed  B r a c h e t f s f i n d in g  t h a t  th e  Feulgen 
method s t a i n s  XHA i n  s i t u .  I t  seem s, t h e r e f o r e ,  t h a t  the 
b a la n c e  o f  t h e  a v a i l a b l e  e v id e n c e  i s  s t r o n g l y  a g a i n s t  the  
mechanism p o s t u l a t e d  by Stedman & Stedman.
A f o u r t h  t h e o r y  o f  th e  mechanism o f  th e  Feulgen 
r e a c t i o n  h a s  been  pu t  fo rw ard  by S tacey  and h i s  associates 
(L i & S ta c e y ,  1949; Overend & S ta c e y ,  1949; Overend,
1950; Lee & Peacocke, 1952). T his  group had originally 
s u g g e s te d  t h a t  u > - la e v u la ld e h y d e  m igh t be the hydrolysis 
p r o d u c t  o f  JHA w hich  combined w i th  fuchsin-sulphurous acid 
t o  g iv e  t h e  c o lo u re d  complex (B e r ia z ,  S ta c e y ,  Teece h 
W igg ins , 1 9 4 6 ) .  S u b s e q u e n t ly ,  r e a l i s i n g  t h a t  an a ld eh y d e  
o f  su c h  low m o le c u la r  w eigh t would be washed out of a 
h i s t o l o g i c a l  p r e p a r a t i o n  before the stage of staining with 
f u c h s in - s u lp h u r o u s  acid was reached and could not therefore 
be r e s p o n s i b l e  f o r  the observed r e a c t i o n ,  they have re­
i n v e s t i g a t e d  t h e  question. The r e s u l t s  of their chem ical 
s t u d i e s  c a r r i e d  o u t  on p u r i f i e d  specim ens o f  sperm Ilf A 
s u g g e s t  t h a t  t h e  a ld e h y d e  groups w ith  which th e  fuc fas in -  
s u lp h u ro u s  a c i d  m o le c u le s  combine may be unmasked oy two 
d i s t i n c t  r e a c t i o n s ,
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1 ) a  " d e p u r in a t io n "  o f  th e  ty p e  p o s t u l a t e d  by the  
o r th o d o x  t h e o r y ,  and
2 ) a  h y d r o l y s i s  o f  po ly m eric  d e o x y p en to se - 1 - 
ph o sp h a te  l in k a g e s  which S ta ce y  b e l i e v e s  t o  be 
co n ce rn e d  in  m a in ta in in g  UTA in  i t s  maximum 
m acrom olecu lar  s t a t e .
E v idence  h as  been  p ro d u ced  which i n d i c a t e s  t h a t  i n  th e  
F e u lg e n  method a s  i t  i s  u s u a l l y  pe rfo rm ed  b o th  r e a c t i o n s  
would r e s u l t  i n  DNA b e in g  s t a in e d  i n  s i t u . The second 
r e a c t i o n ,  which o c c u rs  r a p i d l y  u n d e r  ve ry  m ild  c o n d i t io n s  
i s  p resu m ab ly  o f  r e l a t i v e l y  g r e a t e r  im po rtan ce  when s h o r t  
h y d r o l y s i s  t im e s  a r e  u se d .
I t  would be unw ise to  assume t h a t  even S ta c e y ’s 
th e o r y  can o f f e r  a com plete  d e s c r i p t i o n  o f  t h e  mechanism 
o f  t h e  F e u lg e n  r e a c t i o n .  I t  p r o v id e s ,  f o r  exam ple , no 
e x p la n a t io n  o f  t h e  f a c t  t h a t  when a p u r i f i e d  specimen o f  
MA i s  h y d ro ly z e d  and s t a i n e d  w i th  f u c h s in - s u lp h u ro u s  a c id  
in  v i t r o  t h e  i n t e n s i t y  o f the  c o lo u r  developed  i s  m o d if ied  
to  some e x t e n t  by th e  p re s e n c e  o f  h i s t o n e s  or o th e r  p r o t e in s  
(W idstrom , 1928; C a sp e rs so n , 1932; S i b a t a n i , 1950; Moses, 
1951; S i b a t a n i ,  Fukuda, Matsuda & N ao ra , 1952). C le a r ly ,  
f u r t h e r  i n v e s t i g a t i o n  w i l l  have to  be u n d e rta k en  to  e lu c id a t e
t h i s  phenomenon.
N e v e r t h e l e s s ,  I n  s p i t e  o f  th e  a p p a re n t  co m p lex ity  
o f  th e  r e a c t i o n ,  i t  h a s  been shown by Ris & Mirsky (1949a)
141.
t h a t  I f  s e c t i o n s  of t i s s u e  from  d i f f e r e n t  s p e c ie s  a re  
m ounted .on  th e  same s l i d e  and  s t a i n e d  t o g e t h e r  by the  
F eu lg en  m ethod, th e n  th e  a v e rag e  amount o f  p u rp le  s t a i n  p e r  
n u c l e u s ,  e s t im a t e d  c y t o p h o t o m e t r i c a l l y , f o r  th e  d i f f e r e n t  
t i s s u e s  i s  a lm o s t  e x a c t l y  p r o p o r t i o n a l  to  th e  a v e ra g e  MA 
c o n te n t  p e r  n u c le u s ,  a s  d e te rm in e d  by chem ica l a n a l y s i s  of 
c o u n te d  su s p e n s io n s  o f  i s o l a t e d  n u c l e i .  S im i la r  r e s u l t s  
have s in c e  been  r e p o r t e d  by o t h e r  w orkers  (L e u c h te n b e rg e r ,  
V e n d re ly  & V e n d re ly ,  1951; P o l l i s t e r ,  1952b; P o l l i s t e r ,  
S w if t  & A l f e r t ,  1 951). I t  seems th e r e f o r e  j u s t i f i a b l e ,  
on p u r e l y  e m p i r i c a l  g ro u n d s , to  assume t h a t  th e  r e l a t i v e  
amounts o f  F eu lg en  s t a i n  in  d i f f e r e n t  n u c l e i  on th e  same 
s l i d e  a r e  p r o p o r t i o n a l  t o  th e  amounts o f  MA which th e s e  
n u c l e i  o r i g i n a l l y  c o n ta in e d .
3 .4  E x p e r im e n ta l  m e th o d s .
A n im a ls . The a n im a ls  u sed  were male a lb in o  r a t s  
w e ig h in g  200 -  300 g . from  th e  d e p a r tm e n ta l  c o lo n y . They 
were m a in ta in e d  on a s to c k  d i e t  o f  " r a t - c a k e "  ( d i e t  (a) in  
S e c t io n  2 .2 )  w i t h  t h e  e x c e p t io n  of one an im al which re c e iv e d  
t h e  c a r c i n o g e n ic  d i e t  p r e v i o u s ly  d e s c r ib e d  ( d i e t  (g) in  
S e c t io n  2 .2 )  f o r  14 weeks b e fo re  b e in g  s a c r i f i c e d .  A 
seco nd  a n im a l  was s u b j e c t e d  to  p a r t i a l  hepatec tom y (rem oval 
o f  m edian and l e f t  l a t e r a l  lo b e s )  by  the  method of H iggins 
& A nderson (1931). The an im als  were k i l l e d  by ex san g u in a -
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t i o n  u n d e r  e t h e r  a n a e s t h e s i a  and the  t i s s u e s  r e q u i r e d  
r a p i d l y  removed an d , i f  n e c e s s a r y ,  s t o r e d  in  s o l i d  ca rb o n  
d i o x i d e .
I s o l a t i o n  o f  n u c l e i .  S ince th e  F eu lg en  r e a c t i o n  
s t a i n s  o n ly  th e  n u c l e i  l e a v in g  th e  c y to p la sm  c l e a r  and 
c o l o u r l e s s  th e  MA. c o n te n t  o f  i n d iv i d u a l  F e u lg e n - s ta in e d  
n u c l e i  may be m easured  c y to p h o to m e t r ic a l ly  e i t h e r  in  s i t u  
i n  a t i s s u e  s e c t i o n  o r  i n  a smear p r e p a r a t i o n  o f  i s o l a t e d  
n u c l e i .  The use  o f  t i s s u e  s e c t i o n s  h as  th e  obv ious ad­
v a n ta g e  t h a t  i t  makes p o s s ib l e  t h e  c l a s s i f i c a t i o n  of each 
n u c le u s  m easured  a c c o rd in g  to  th e  c e l l  ty p e  to  which i t  
b e lo n g s .  On th e  o th e r  hand , s in c e  a t i s s u e  s e c t i o n  can 
seldom  have a t h i c k n e s s  much g r e a t e r  than  th e  av e rag e  
d ia m e te r  o f  th e  n u c l e i  which i t  c o n ta in s  t h e r e  i s  a danger 
t h a t  m easurem ents may be made on n u c le i  which have been 
"ch ip p ed "  by th e  m icrotom e b la d e  d u r in g  s e c t i o n in g .  In 
o r d e r  t o  a v o id  t h i s  d i f f i c u l t y  i t  was d e c id e d  in  th e  p r e s ­
e n t  i n v e s t i g a t i o n  to  c a r ry  o u t  m easurem ents o n ly  on smear 
p r e p a r a t i o n s  o f  i s o l a t e d  n u c l e i .  The method o f  i s o l a t i o n  
u s e d  was as  f o l l o w s :
The t i s s u e ,  i f  f r e s h ,  was c h i l l e d  i n  i c e  o r ,  i f  
f r o z e n ,  was a l lo w e d  to  thaw i n  th e  r e f r i g e r a t o r .  I t  was 
th e n  f i n e l y  minced w ith  s c i s s o r s  and homogenized f o r  abou t 
two m in u te s  in  an  i c e - j a c k e t t e d  N elco  b le n d o r  in  a s u i t a o l e
volume ( u s u a l ly  a b o u t  40 m l . )  o f  i c e - c o l d  0.25M su c ro se  
c o n ta in in g  0.008M c i t r i c  a c id .  The homogenate was s t r a i n e d  
once o r  tw ice  th ro u g h  a doub le  l a y e r  o f f i n e  n y lo n  gauze  and 
c e n t r i f u g e d  a t  0°C f o r  10  m in u te s  a t  880 g .  The s u p e r ­
n a t a n t  was d i s c a r d e d  and th e  sed im ent re  suspended  in  30 -  40 m l.  
I c e - c o l d  s u c r o s e / c i t r i c  a c i d  s o l u t i o n  and c e n t r i f u g e d  a t  
500 g .  f o r  5 - 7  m in u te s .  The s u p e r n a ta n t  was d i s c a r d e d  and 
th e  p r o c e s s  o f  r e s u s p e n d in g  th e  sed im en t and c e n t r i f u g i n g  
down a g a in  was r e p e a t e d  once o r  tw ice  to  g e t  r i d  o f c y to ­
p la s m ic  d e b r i s .  F i n a l l y ,  th e  sed im en t was f r e e d  from  
s u c ro s e  by r e s u s p e n d in g  in  0.01M c i t r i c  a c id  and  c e n t r i f u g in g  
down. The p ro d u c t  o b ta in e d  by t h i s  te c h n iq u e  g e n e r a l l y  con­
s i s t e d  o f  f r e e  n u c l e i  more o r  l e s s  h e a v i ly  c o n ta m in a te d  w i th  
unbrok en  whole c e l l s  and  c y to p la s m ic  g r a n u le s .  In  th e  case  
o f  p a n c r e a s ,  o n ly  a few f r e e  n u c l e i  were o b ta in e d  t o g e t h e r  
w i th  a l a r g e  number o f whole c e l l s .  S ince u n d e r  th e  con­
d i t i o n s  o f  th e  F eu lg en  r e a c t i o n  t h i s  cy to p lasm ic  m a t e r i a l  
d id  n o t  s t a i n ,  i t s  p re se n c e  was of no im p o rtan c e .  The i s o ­
l a t i o n  p ro c e d u re  was n o t ,  a s  In th e  p re v io u s  s e r i e s  of ex ­
p e r im e n t s ,  in te n d e d  t o  y i e l d  a su sp e n s io n  of i s o l a t e d  n u c l e i  
f r e e ,  so f a r  a s  p o s s i b l e ,  from  a l l  c y to p lasm ic  c o n ta m in a t io n .
On t h e  c o n t r a r y ,  i t s  r e a l  o b j e c t  was tw o fo ld :
( l )  t o  o b t a in  l a r g e  numbers o f  i n t a c t  n u c l e i  which co u ld  
be u s e d  to  make a smear p r e p a r a t i o n  s u i t a b l e  f o r  
c y to p h o to m e try ;  and
(2 ) t o  e n su re  t h a t  when t h i s  p r e p a r a t i o n  was f i x e d  
and s t a i n e d  th e  p u r p le  s t a i n  sh ou ld  be e v e n ly  
d i s t r i b u t e d  w i t h in  each  n u c le u s .  T h is  was 
a c h ie v e d  by th e  u se  o f  su c ro se  i n  t h e  i s o l a t i o n  
medium (R is & M irsky , 1 9 4 9 a ) .
I t  sh o u ld  be n o t e d  t h a t  R is  & M irsky  (1949b) have shown t h a t  
no  BETA i s  l o s t  from  n u c l e i  i s o l a t e d  in  su c ro se  s o l u t i o n  even 
i f  t h e y  rem a in  o v e rn ig h t  i n  t h i s  medium (see  a l s o  Arne s e n ,  
G o ldsm ith  & D ulaney, 1949).
P r e p a r a t io n  o f  s l i d e s . Smear p r e p a r a t i o n s  o f  the  
" I s o l a t e d  n u c l e i "  o b ta in e d  by th e  p ro ce d u re  d e s c r ib e d  above 
were made on m ic ro sco p e  s l i d e s  and a l lo w e d  to  d r y .  A 
s i m i l a r  p r e p a r a t i o n  o f  r a t  spe rm atozoa  was o b ta in e d  by 
d i v id i n g  th e  v as  d e f e r e n s  c lo s e  to  th e  p r o s t a t e  g l a n d ,  ex ­
p r e s s i n g  a  drop o f  s e m in a l  f l u i d  from  th e  d i s t a l  end  on to  
a s l i d e ,  s p r e a d in g  i t  w i th  a  g l a s s  r o d ,  and a l lo w in g  i t  t o  
d ry .  A sm ear o f  norm al k id n e y  n u c l e i  was made on each  
s l i d e  a s  a  c o n t r o l .  The s l i d e s  were f i x e d  i n  a 3 : 1 
m ix tu re  o f  e th a n o l  an d  a c e t i c  a c i d  f o r  30 m in u te s  a t  room 
t e m p e r a tu r e ,  washed in  ru n n in g  ta p  w a te r  f o r  2 h o u r s ,  and 
a l lo w e d  t o  d ry .
F e u lg en  s t a i n i n g . The f o l lo w in g  r e a g e n t s  were u s e d :
A N h y d r o c h l o r i c  a c i d .
B F u c h s in - s u lp h u ro u s  a c i d  s t a i n  p r e p a r e d  by Coleman’ s 
(1938) m o d i f i c a t i o n  o f  th e  m ethod o f  de Tomasi
1 g .  b a s i c  f u c h s i n  ( B r i t i s h  Drug Houses L t d . )  
was d i s s o l v e d  in  200  m l.  b o i l i n g  w a te r  w i th  v i g o r ­
ous s h a k in g .  When th e  s o l u t i o n  h ad  c o o le d  to  
50°C i t  was f i l t e r e d  and 2 g .  p o ta s s iu m  mefcabi- 
s u l p h i t e  and 10 m l. N h y d r o c h lo r i c  a c i d  were a d d e d .  
A f t e r  s t a n d in g  f o r  24 h o u rs  th e  s o l u t i o n  was d e ­
c o lo u r i s e d  by a d d in g  0 .5  g . a n im a l  c h a r c o a l ,  sh a k ­
in g  v ig o r o u s ly  f o r  one m in u te ,  and f i l t e r i n g  r a p i d l y .  
The r e s u l t a n t  c o l o u r l e s s ,  w a t e r - c l e a r  s o l u t i o n  was 
s t o r e d  in  a  t i g h t l y  s to p p e re d  b o t t l e  i n  th e  r e f r i g e r ­
a t o r .
C A c id  m e ta b i s u l p h i t e  s o l u t i o n  p r e p a r e d  by th e  method 
o f  de Tomasi (1936 ) .
5 m l. o f  N h y d r o c h l o r i c  a c i d  and  5 m l. o f  10^ 
<W/V) p o ta s s iu m  m e t a b i s u l p h i t e  were mixed and  made 
up t o  100  m l. w i th  d i s t i l l e d  w a te r .
The s t a i n i n g  te c h n iq u e  u se d  was as f o l lo w s .  The s l i d e s
were r i n s e d  i n  c o ld  N h y d r o c h lo r i c  a c i d ,  p la c e d  In  N h y d ro ­
c h l o r i c  a c i d  a t  60°C f o r  6 m in u te s ,  r i n s e d  a g a in  in  c o ld  N 
h y d r o c h l o r i c  a c id  and t r a n s f e r r e d  f o r  a  few seconds to  
d i s t i l l e d  w a te r .  They were th e n  p la c e d  in  th e  f u c h s in -  
s u lp h u ro u s  a c i d  s t a i n  a t  room te m p e ra tu re  f o r  2 h o u r s .  At 
th e  end o f  t h i s  p e r i o d  th e y  were Removed, a l lo w e d  to  d r a i n ,  
and t r a n s f e r r e d  t o  th e  a c i d  m e t a b i s u l p h i t e  s o l u t i o n  f o r  1 
h o u r .  F i n a l l y  th e y  were r i n s e d  in  manning w a te r ,  d r i e d  i n
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a i r ,  and mounted in  DPX n e u tr a l medium.
P h o to m ic ro g ra p h y , P ho tom icrog rap hy  was c a r r i e d  o u t  by 
th e  method o f  F r a z e r  & Davidson (1 9 5 3 ) .  A ty p e  M 8001 
u l t r a v i o l e t  m ic ro sco p e  m a n u fa c tu re d  by Cooke, T rough ton  & 
Simms L td .  was u s e d  i n  c o n ju n c t io n  w i th  a 35 mm. camera 
w i th o u t  l e n s .  The cam era was in te r c h a n g e a b le  w ith  a  g round  
g l a s s  s c r e e n  f o r  f o c u s s i n g .  The o p t i c a l  sys tem  was a s  
f o l lo w s :  3 .7 5  mm. f l u o r i t e  o b j e c t i v e ,  N.A. 0 .9 5 ,  im m ersion
l i q u i d  85^ g l y c e r o l ;  10X o c u l a r ,  d i s t a n c e  from  o c u la r  to  
f i l m  22 cm. The su b s ta g e  c o n d en se r  was q u a r t z ,  g l y c e r o l  
im m ers ion , N.A. 1 .2 5 ,  i r i s  a p e r t u r e  6 mm. Green l i g h t  o f 
w a v e le n g th  546 m^. was o b ta in e d  by u s in g  a h ig h  p r e s s u r e  
m ercury  a r c  i n  c o n ju n c t io n  w i th  a c o lo u r  f i l t e r  (H i lg e r  
"m ercury  g re e n " )  and a s i n g l e  q u a r t z  p r ism . The n u c l e i  were 
p h o to g rap h e d  on I l f o r d  ty p e  F .P .3  f i l m  which was deve lop ed  
f o r  10 m in u te s  i n  Kodak D76 d e v e lo p e r  a t  18°C. A p o s i t i v e  
p r i n t  o f  a t y p i c a l  f i e l d  o f  n u c l e i  p h o to g rap h ed  u n d e r  th e s e  
c o n d i t i o n s  i s  shown in  F i g . 4 .
A s e p a r a t e  s t r i p  o f  f i l m  was u se d  f o r  each  s l i d e .
In  g e n e r a l ,  10  t o  30 f i e l d s  o f  th e  n u c l e i  u n d e r  e x a m in a t io n  
were p h o to g ra p h e d  t o g e t h e r  w i th  6 t o  10  f i e l d s  o f th e  c o n t r o l  
smear o f  k id n e y  n u c l e i  on th e  same s l i d e .  A lo g a r i th m ic  
s tep -w edge  was p h o to g ra p h e d  on to  e a c h  s t r i p  o f  f i l m  by 
p l a c in g  t h e  camera b e h in d  a r o t a t i n g  s t e p - s e c t o r  in  th e  same
Figure 5.
P o s i t i v e  p r i n t  o f  a  s m a l l  n u c l e u s ,  p h o to ­
g ra p h e d  u s i n g  " tw o - s p o t” i l l u m i n a t i o n  a s  
d e s c r i b e d  i n  S e c t io n  3 .4  ( e n l a r g e d  x  6 f ro m  o r i g i n a l  
n e g a t i v e  u s e d  f o r  c y to p h o to m e t r y ) .  The n u c le u s  
a p p e a r s  a s  a  s m a l l  dark  d i s c  w h ich  does n o t  q u i t e  
f i l l  t h e  lov/er o f  th e  two i l l u m i n a t e d  a r e a s .  The 
o t h e r  i l l u m i n a t e d  a r e a  ( th e  "b a c k g ro u n d  s p o t " )  
i n c l u d e s  o n ly  "empty" b a ck g ro u n d  ( s e e  p p . 1 4 8 -1 4 9 ) ,
F ig u r e  7 .
P o s i t i v e  p r i n t  o f  t y p i c a l  f i e l d  o f  r a t  
s p a r a a t o z o a ,  s t a i n e d  and  p h o to g ra p h e d  a s  
d e s c r i b e d  i n  S e c t io n  3 .4  ( e n l a r g e d  x  6 from  
o r i g i n a l  n e g a t i v e  u s e d  f o r  c y to p h o to m e t r y ) .  
Only t h e  n u c l e i  a r e  a c t u a l l y  s t a i n e d  b u t  th e  
t a i l s ,  which a r e  h i g h l y  r e f r a c t i b l e ,  a r e  a l s o  
v i s i b l e .
Fi g ur e  6.
Figure 7.
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l i g h t  p a th  a s  t h a t  u s e d  f o r  th e  m ic ro sc o p e .  The c o n s t r u c t i o n  
o f  th e  s t e p - s e c t o r  was such t h a t  th e  a r e a  o f  f i l m  im m e d ia te ly  
b e h in d  th e  f i r s t  s t e p  was o c c lu d e d  f o r  64 o f  th e  t o t a l  
t im e o f  e x p o s u re ;  th e  a r e a  b e h in d  th e  se co n d  s t e p  was 
o c c lu d e d  f o r  S1/ 3 2  o f  the  t o t a l  tim e of e x p o s u re ;  th e  a r e a  
b e h in d  th e  t h i r d  s t e p  f o r  - ^ / l 6 ; th e  a r e a  b e h in d  th e  f o u r t h  
s t e p  f o r  ^ 8 ; th e  a r e a  b e h in d  th e  f i f t h  s t e p  f o r  ® /4; and 
th e  a r e a  b e h in d  th e  s i x t h  s t e p  f o r  V 2 . These s i x  a r e a s  
form ed th e  f i r s t  s i x  s t e p s  o f  t h e  s te p -w e d g e .  The s e v e n th  
was f o r m e d  by an  a d ja c e n t  a r e a  of f i l m  w hich  was n o t  o c c lu d e d  
a t  a l l  by  th e  r o t a t i n g  s t e p - s e c t o r .  P i g . 5 shows a p o s i t i v e  
p r i n t  o f  such a s te p -w ed g e  ta k e n  from  the same f i l m - s t r i p  
a s  th e  f i e l d  o f  n u c l e i  shown i n  P i g . 4 .  E xposu re  t im e s  f o r  
th e  n u c l e i  and s te p -w ed g e  were chosen  by t r i a l  and e r r o r  so  
a s  t o  g iv e  a s u i t a b l e  ran g e  o f  o p t i c a l  d e n s i t i e s .
L e n t i c u l a r  g l a r e .  The a rra n g e m e n t  o f  l i g h t  s o u r c e ,  
and  su b s ta g e  c o n d e n se r  d e s c r i b e d  above was such a s  to  
i l l u m i n a t e  e v e n ly  th e  e n t i r e  f i e l d  p h o to g ra p h e d . I t  has  
been  c la im ed  by N aora (N aora , 1951 , 1952; N aora & S i b a t a n i ,  
1952) t h a t  u n d e r  t h e s e  c o n d i t i o n s  th e  l i g h t  f a l l i n g  on th e  
image o f  a  n u c le u s  on th e  f i l m  c o n s i s t s  n o t  o n ly  of l i g h t  
w hich  has  been  t r a n s m i t t e d  th ro u g h  t h a t  n u c le u s  b u t  a l s o  o f  
l i g h t  w h ich  h as  p a s s e d  th ro u g h  o t h e r  a r e a s  o f  th e  s l i d e  and  
has  been  s c a t t e r e d  by  i n t e r n a l  r e f l e c t i o n  from  th e  l e n s
s u r f a c e s  w i th in  th e  m ic ro sco p e  ( l e n t i c u l a r  g l a r e ) .  I f  
t h i s  i s ,  in  f a c t ,  th e  case th e  p e rc e n ta g e  of i n c i d e n t  l i g h t  
t r a n s m i t t e d  by t h e  n u c le u s  w i l l  be o v e r e s t im a te d ,  i . e . ,  i t s  
o p t i c a l  e x t i n c t i o n  w i l l  be u n d e r e s t im a te d .  N aora  b e l i e v e s  
t h i s  s o - c a l l e d  S c h w a r z s c h i l d - V i l l i g e r  e f f e c t  t o  be a  s e r i o u s  
so u rc e  o f  e r r o r  i n  cy to p h o to m e try  and  h a s  p o i n t e d  o u t  t h a t  
i t  may be e l i m in a t e d  by so a r r a n g in g  th e  l i g h t  so u rc e  a n d  
s u b s ta g e  c o n d e n se r  t h a t  o n ly  th e  n u c le u s  b e in g  m easu red  (o r  
p h o to g rap h e d )  i s  i l l u m i n a t e d  (N aora , 1951, 1952; N aora & 
S i b a t a n i ,  1 9 5 2 ) .  A c c o rd in g ly  a  l i g h t i n g  sys tem  o f t h i s  
d e s c r i p t i o n  was d e v i s e d  i n  t h i s  l a b o r a t o r y  by Dr. S .C .F r a z e r  
The e f f e c t i v e  s i z e  o f t h e  l i g h t  so u rc e  was d im in is h e d  by 
p l a c in g  in  f r o n t  o f  i t  a  b la c k e n e d  m e ta l  p l a t e  i n  w hich two 
h o le s  a p p ro x im a te ly  1 mm. i n  d ia m e te r  had  been  d r i l l e d .
The image o f  th e s e  p e r f o r a t i o n s  was f o c u s s e d  on th e  m ic ro ­
scope s l i d e  u s i n g ,  in  p la c e  o f  th e  no rm al s u b s ta g e  c o n d e n se r  
a  h ig h  power L e i t z  m ic ro sco p e  o b j e c t i v e .  The e x a c t  o p t i c a l  
s p e c i f i c a t i o n  o f  t h i s  o b j e c t i v e  i s  u n f o r t u n a t e l y  unknown b u t  
i t  was u s e d  w i th o u t  im m ersion l i q u i d  and b ecause  of th e  
s h o r t n e s s  o f  i t s  w ork ing  d i s t a n c e  i t  c o u ld  o n ly  be employed 
w i th  a  s l i d e  l e s s  th a n  1 mm. t h i c k .  In  t h i s  way i t  was 
p o s s i b l e  t o  l i m i t  t h e  a r e a  o f  th e  s l i d e  i l l u m in a t e d  to  two 
c i r c u l a r  a r e a s  a p p ro x im a te ly  10  i n  d ia m e te r ,  and th u s  to  
p h o to g ra p h  f i e l d s  i n  w hich  o n ly  a s i n g l e  n u c le u s  and  a
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s e p a r a t e  b u t  a d j a c e n t  c l e a r  a r e a  o f  th e  s l i d e  were I l l u m i n a t ­
ed . (A p o s i t i v e  p r i n t  ta k e n  from a f i l m  s t r i p  i n  w h ich  
t h i s  method o f  i l l u m i n a t i o n  was u s e d  i s  shown in  F i g . 6 . )
In  one e x p e r im e n t  t h e  r e s u l t s  o b t a in e d  by t h i s  m ethod o f  
’’tw o -sp o t  I l l u m i n a t i  on" were compared w i th  th o s e  fo u n d  by 
th e  o r d in a r y  nw h o l e - f i e l d  i l l u m i n a t i o n ” m ethod u s e d  i n  a l l  
o t h e r  e x p e r im e n ts .
M easurem ents o f a r e a  and o p t i c a l  e x t i n c t i o n . Each
n u c le u s  on th e  n e g a t iv e  was num bered , th o s e  which were 
o b v io u s ly  damaged, o r  w h ich  o v e r la p p e d ,  o r  w hich  were ob­
v i o u s l y  o u t  o f  fo c u s  b e in g  r e j e c t e d .  The n e g a t i v e s  were 
p r o j e c t e d  t o  30 -  40 d ia m e te r s  e n la rg e m e n t  i n  a f i l m  s t r i p  
p r o j e c t o r ,  t h e  o u t l i n e  o f  e a c h  n u c le u s  was draw n, and th e  
a r e a  o f  th e  draw ing s u b s e q u e n t ly  m easu red  in  a r b i t r a r y  u n i t s  
w i th  a p l a n i m e t e r .  T h is  f i g u r e  was ta k e n  a s  t h e  a r e a  (A) 
o f  t h e  n u c l e u s .  D e n s i to m e te r  m easurem ents  w ere  a l s o  made 
on th e  n e g a t i v e ,  u s in g  a H i lg e r  s p e c t r o g r a p h - p l a t e  d e n s i t o ­
m e te r .  R ead ings  were ta k e n  f o r  e a c h  s t e p  o f  t h e  s te p -w e d g e ,  
f o r  t h r e e  s m a l l  a r e a s  w i t h i n  th e  image o f  each  n u c le u s ,  and 
f o r  two e q u a l  a r e a s  o f  ’’em pty” b ackg ro und  a d j a c e n t  to  e a c h  
n u c le u s  ( o r ,  where ’’tw o -s p o t  i l l u m i n a t i o n ” had  been  u s e d ,  
on two e q u a l  a r e a s  o f  the backg roun d  s p o t ,  see  F i g . 6 ) .
C a l c u l a t i o n  o f  th e  amou n t  o f  a b s o rb in g  m a t e r i a l  i n  
e a c h  n u c l e u s . The d e n s i to m e te r  r e a d in g s  o b ta in e d  from  th e  
s tep -w ed g e  were u se d  to  c o n s t r u c t  a c a l i b r a t i o n  curve f o r
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th e  f i l m  s t r i p  o f  d e n s i to m e te r  r e a d in g s  a g a i n s t  f i l m  e x ­
p o s u re .  T h is  m s  done by assum ing  t h a t  th e  f i r s t  s t e p  o f  
th e  s te p -w e d g e ,  w hich  had  been  o c c lu d e d  f o r  63/  64 o f  th e  
t o t a l  t im e  of ex p o su re  (see  a b o v e ) ,  had been e x p o sed  t o  
1 a r b i t r a r y  u n i t  o f  l i g h t .  I t  fo l lo w e d  t h a t  t h e  second  
s t e p ,  w h ich  had  been  o c c lu d e d  f o r  ^ / 3 2  (= 64) o f  th e
t o t a l  t im e  of e x p o s u re ,  h ad  b e e n  e x p o sed  t o  2 a r b i t r a r y  
u n i t s ;  t h e  t h i r d  s t e p ,  w h ich  h ad  been  o c c lu d e d  f o r  ^ / l 6 
(= S0/ 6 4 )  o f  th e  t o t a l  o f  e x p o s u re ,  h ad  been  e x p o sed  t o  4 
a r b i t r a r y  u n i t s ;  the  f o u r t h  s t e p ,  which h ad  been  o c c lu d ed  
f o r  7/ 8  (-  5 6 /6 4 )  o f  th e  t o t a l  t im e  of e x p o s u r e ,  h a d  been 
exposed  to  8  a r b i t r a r y  u n i t s ;  t h e  f i f t h  s t e p ,  w hich  had 
been o c c lu d e d  f o r  v 4  (= 48/  64) o f  th e  t o t a l  tim© o f  e x p o s u r e , 
h a d  b een  ex p o sed  to  16 a r b i t r a r y  u n i t s ;  t h e  s i x t h  s t e p ,  
w hich  had  b e en  o c c lu d e d  f o r  Vg (= 32/ 64 ) th e  t o t a l  t im e  o f  
e x p o s u re ,  h ad  been  exposed  t o  32 a r b i t r a r y  u n i t s ;  and  th e  
s e v e n th  s t e p ,  which h ad  n o t  been  o c c lu d e d  by th e  r o t a t i n g  
s t e p - s e c t o r  a t  a l l ,  h a d  been  ex p o sed  t o  64 a r b i t r a r y  u n i t s .  
U sing  t h i s  c a l i b r a t i o n  curve  i t  was p o s s i b l e  t o  c o n v e r t  th e  
mean o f  t h e  t h r e e  d e n s i to m e te r  m easurem ents  ta k e n  i n s i d e  th e  
n u c le u s  i n t o  an e s t im a t e  o f  T t h e  i n t e n s i t y  o f  t h e  l i g h t  
t r a n s m i t t e d  by th e  n u c l e u s ;  and th e  mean o f  th e  two m ea su re ­
m ents t a k e n  i n  a r e a s  o f  11 empty" background  a d j a c e n t  t o  th e  
n u c le u s  i n t o  an e s t im a t e  o f  I  th e  i n t e n s i t y  o f  l i g h t
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r e a c h in g  th e  a r e a  o f  f i l m  s u r ro u n d in g  th e  n u c l e a r  im age.
Then th e  e x t i n c t i o n  (E) o f  th e  n u c le u s  i s  g iv e n  by 
E = l o g 1Q V t
and  in  s p h e r i c a l  o r  e l l i p s o i d a l  n u c l e i  th e  amount o f  a b s o r b ­
in g  m a t e r i a l  p r e s e n t  may be t a k e n  as p r o p o r t i o n a l  t o  the 
p ro d u c t  ISA ( F r a z e r  & D av idson , 1 9 5 3 ) .  It should be noted 
t h a t  th e  u n i t s  in  w hich  EA. i s  e x p re s s e d  a r e  quite arbitrary 
and v a ry  i n  m agn itud e  from  one e x p e r im e n t  to another. Hence 
com parisons  o f  n u m e r ic a l  v a lu e s  can o n ly  be made internally 
in  one e x p e r im e n t .
An e x am p le , ta k e n  from  an  a c t u a l  experiment, may make 
t h e  method o f  c a l c u l a t i o n  c l e a r e r .  F i g s . 5 and 4 are 
p o s i t i v e  p r i n t s  o f ,  r e s p e c t i v e l y ,  t h e  s te p -w ed g e  a n d  a  
t y p i c a l  f i e l d  o f  n u c l e i  p h o to g ra p h e d  on th e  same s t r i p  o f  
f i l m  d u r in g  th e  same e x p e r im e n t .  The d e n s i to m e te r  r e a d i n g s  
o b ta in e d  f o r  th e  s te p -w ed g e  were a s  f o l l o w s :
F o r  t h e  1 s t  s t e p ,  ex p o sed  to  1 a r b i t r a r y  u n i t  o f  l i g h t ,  165
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C a l i b r a t i o n  cu rv e  o f  d e n s i to m e t e r  
r e a d i n g  a g a i n s t  a r b i t r a r y  u n i t s  o f  f i l m  
e x p o su re  (se e  p p . 149 -  1 5 1 ) .
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From th e s e  r e a d in g s  th e  c a l i b r a t i o n  c u rv e  shown i n  F i g . 8 
was drawn r e l a t i n g  th e  d e n s i to m e te r  r e a d in g  f o r  any  g iv e n  
a r e a  o f  t h e  d e v e lo p e d  n e g a t i v e  t o  th e  amount o f  l i g h t  w h ich  
had  f a l l e n  on t h a t  a r e a .
The t h r e e  d e n s i t o m e t e r  r e a d in g s  o b ta in e d  f o r  n u c le u s  
number 3 in  F i g . 4 were 96 , 105 and 93. R e f e r r i n g  to  t h e  
c a l i b r a t i o n  c u rv e  i n  F i g . 8 , i t  w i l l  be seen  t h a t  th e  mean o f  
th e s e  r e a d i n g s ,  9 8 ,  i s  e q u i v a l e n t  t o  a v a lu e  f o r  T o f  7 . 4 .
The two d e n s i to m e t e r  r e a d in g s  o b t a in e d  f o r  th e  "em pty” b a c k ­
ground  a d j a c e n t  to  n u c le u s  number were 31 and  33 . R e f e r r i n g  
a g a in  to  F i g . 8 , i t  w i l l  be se e n  t h a t  t h e  mean o f  th e s e  r e a d ­
i n g s ,  3 2 ,  i s  e q u i v a l e n t  t o  a  v a lu e  f o r  I  o f  4 1 .5 .
Then f o r  t h i s  n u c le u s  E = log-^Q / T
= l o s 10  4 l *5/ 7 . 4  
= 0 .7 4 9 .
But th e  a r e a  (A) o f  n u c le u s  number 3 was fo u n d  by p l a n i m e t r y  
t o  be 6830 a r b i t r a r y  u n i t s .
T h e re fo r e  DNA c o n te n t  o f  n u c le u s  number 3 was 0 .7 4 9  x  6830 = 
5120 a r b i t r a r y  u n i t s .
S i m i l a r l y ,  f o r  n u c le u s  number 2 i n  F i g . 4 .
D e n s i to m e te r  r e a d i n g s  ta k e n  w i t h i n  n u c le u s  were 4 0 ,
49 and  39 , mean = 4 2 . 7 .  T h e r e f o r e ,  f ro m  F i g . 8 , T = 2 6 .5  
a r b i t r a r y  u n i t s .
D e n s i to m e te r  r e a d in g s  ta k e n  in  a r e a s  o f  empty backg rou nd  
a d j a c e n t  to  t h e  n u c le u s  w ere  32 and  32 , mean = 32 . T h e r e f o r e ,
153.
f rom  F i g . 8 , I  = 4 1 .5  a r b i t r a r y  u n i t s .
Then, f o r  t h i s  n u c l e u s ,  E = l o g 1Q V t
= l o g 10 4 1 *5/ s 6 . 5  
= 0 .1 9 5 .
But th e  a r e a  (A) o f  n u c le u s  number 2 was fo u n d  by p l a n i ­
m e try  to  be 2940 a r b i t r a r y  u n i t s .  T h e r e fo r e  IMA c o n te n t  o f
n u c le u s  number 2 was 0 .1 9 5  x 2940 = 574 a r b i t r a r y  u n i t s .
I t  m ust a g a in  be e m p h a s ize d  t h a t  t h e s e  f i g u r e s  i n d i c a t e  
o n ly  t h a t  th e  TEA c o n te n t s  o f  n u c l e i  num bers 2 and  3 a r e  in  
th e  a p p ro x im a te  r a t i o  574 : 5120. They g iv e  no i n d i c a t i o n  
o f  th e  a b s o l u t e  W A  c o n te n t  o f  th e  n u c l e i .  h o r  can  t h e y  
be d i r e c t l y  compared w i t h  t h e  f i g u r e s  o b t a i n e d  in  o t h e r  
e x p e r im e n ts  o f  th e  same t y p e .
C hem ical e s t i m a t i o n  o f  a v e ra g e  DNAP c o n te n t  p e r  n u c l e u s .  
In  c e r t a i n  c a s e s  i t  was th o u g h t  d e s i r a b l e ,  i n  a d d i t i o n  t o  
e s t i m a t i n g  th e  r e l a t i v e  H A  c o n te n t  o f  i n d i v i d u a l  n u c l e i  i n  
a  t i s s u e ,  t o  d e te rm in e  i t s  a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  
in  a b s o l u t e  u n i t s  by t h e  t e c h n iq u e  o f  g r o s s  c h e m ic a l  a n a l y s i s  
o f  c o u n te d  s u s p e n s io n s  o f  i s o l a t e d  n u c l e i  d e s c r i b e d  in  
S e c t io n  2 .2 .  T h is  was done by m in c in g  th e  t i s s u e  f i n e l y  
w i th  s c i s s o r s  an d  d i v i d i n g  th e  m ince i n t o  two p o r t i o n s ,  one 
o f  w h ich  was u s e d  f o r  c y to p h o to m e try  w h ile  f ro m  th e  o t h e r  
n u c l e i  were i s o l a t e d  f o r  c h e m ic a l  a n a l y s i s .  S in ce  i t  h a d  
been  fo u n d  i n  th e  p r e v i o u s  i n v e s t i g a t i o n  (S e c t io n  2 .3 )  
t h a t  th e  t h r e e  c h e m ic a l  m ethods u s e d  t o  e s t i m a t e  DNA
154.
(phospho ru s  d e t e r m i n a t i o n ,  d eo x y p en to se  d e t e r m i n a t i o n ,  and  
u l t r a v i o l e t  a b s o r p t io n  m easu rem en ts)  gave v e ry  s i m i l a r  
r e s u l t s ,  o n ly  th e  p h o sp h o ru s  d e te r m in a t io n  m ethod was u s e d  
in  th e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts .  S i m i l a r l y ,  i n  th e  
case  o f  o t h e r  t i s s u e s ,  w here  th e  a v e ra g e  MAP c o n te n t  p e r  
n u c le u s  p r e v i o u s ly  d e te rm in e d  by th e  ch em ica l  m ethod 
(T able  20) i s  c i t e d ,  o n ly  th e  f i g u r e  o b ta in e d  by  th e  p h o s ­
ph o ru s  d e te r m in a t io n  m ethod i s  g iv e n .
3 .5  R e s u l t s .
Normal l i v e r . The r e s u l t s  o b ta in e d  i n  an e x p e r im e n t  
i n  w h ich  th e  H A  c o n te n t s  o f  116 k id n e y  and  479 l i v e r  n u c l e i  
were m easu red  a r e  shown, in  t h e  form  o f  f r e q u e n c y  h i s to g r a m s ,  
i n  F i g . 9 . The k id n e y  n u c l e i  form  a s i n g l e  sy m m e tr ic a l  peak  
e x te n d in g  from  280 t o  720 u n i t s .  Only two n u c l e i ,  which 
have  DNA c o n t e n t s  o f  920 -  1080 u n i t s ,  f a l l  o u t s id e  t h i s  
g ro u p .  The mean H A  c o n te n t  f o r  a l l  th e  k id n ey  n u c l e i  
m easu red  i s  509 u n i t s .  The v a lu e s  found  f o r  l i v e r  n u c l e i ,  
on the o t h e r  h a n d ,  ran g e  fro m  280 t o  2520 u n i t s  o f  DNA w i th  
a  mean o f  783 u n i t s .  By t h i s  m ethod, t h e r e f o r e ,  t h e  r a t i o
Mean DNA c o n te n t  o f l i v e r  n u c l e i  __ 783 __ 3^54
” ,r ,f n k id n e y  ,f 509
In  th e  p r e v io u s  i n v e s t i g a t i o n  i t  was fo u n d  by c h em ica l
a n a l y s i s  o f  c o u n te d  su s p e n s io n s  o f  i s o l a t e d  n u c l e i  t h a t  th e
a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  was a b o u t  0 .9 1  pg. in
F igu re 9 .
F re q u en c y  h i s to g r a m s  o f  th e  r e l a t i v e  
d e o x y r i b o n u c le i c  a c id  (OJA) c o n te n t s  o f  
i n d i v i d u a l  r a t  k id n e y  and l i v e r  n u c l e i  a s  
e s t i m a t e d  by th e  c y to p h o to m e t r ic  m ethod 
d e s c r i b e d  i n  S e c t io n  3 . 4 .
G la ss  i n t e r v a l  = 40 a r b i t r a r y  u n i t s .
N .B . The a r b i t r a r y  u n i t s  u s e d  in  t h i s  F ig u re  
a r e  n o t  i d e n t i c a l  w i t h  t h o s e  u s e d  in  F i g s . 10 , 
11 , 1 2 , 1 3 , 14 o r  15 , o r  in  T a b le s  64 o r  66 .
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Figure 9.
l i v e r  and  0 .6 5  pg . i n  k id n e y .  By th e  c h e m ic a l  m ethod , 
t h e r e f o r e ,
Mean IMA c o n te n t  o f  l i v e r  n u c l e i  = 0 .9 1  _ i #4o
n tt tt  tt k id n e y  ” 0 .6 5
The m o d e ra te ly  good ag reem en t betw een th e  r a t i o s  o b t a i n e d  
by th e  two m ethods a p p e a r s  to  j u s t i f y  the  a s su m p t io n  t h a t  
th e  c y to p h o to m e t r ic  m ethod u s e d  i n  c o n ju n c t io n  w i t h  
F e u lg en  s t a i n i n g  i s  a f a i r l y  r e l i a b l e  means o f  e s t i m a t i n g  
th e  r e l a t i v e  DNA c o n te n t s  o f  n u c l e i .
I t  i s  a p p a r e n t  from  P i g . 9 t h a t  th e  l i v e r  n u c l e i  f a l l  
i n t o  two o r ,  more p r o b a b ly ,  t h r e e  g ro u p s .  The l a r g e s t  
g ro u p ,  w h ich  in  a c c o rd a n c e  w i th  c o n v e n t io n  ( S w if t ,  1950a; 
P o l l i s t e r ,  S w if t  & A l f e r t ,  1951) we may te rm  G lass  I ,  e x ­
te n d s  from  280 t o  a b o u t  700 -  800 u n i t s  and  c l e a r l y  
c o r re sp o n d s  to  th e  s i n g l e  k id n e y  p e a k .  The se co n d  m ain 
g ro u p ,  G lass  I I  i n  S w i f t 1s (1950a) t e r m in o lo g y  and  c o n s i s t ­
in g  p resu m ab ly  o f  t e t r a p l o i d  n u c l e i ,  c o v e r s  the  range  fro m  
a b o u t  700 -  800 u n i t s  t o  1680 u n i t s .  I t  may be p resum ed 
t h a t  th e  two k id n e y  n u c l e i  w i th  DNA c o n te n t s  o f  a b o u t  1000 
u n i t s  a l s o  b e lo n g  to  t h i s  C la s s .  F i n a l l y ,  t h e  7 l i v e r  
n u c l e i  which gave v a lu e s  o f  1820 to  2520 u n i t s  o f  DNA p r e ­
sum ably r e p r e s e n t  S w i f t ’ s (1950a) C la s s  I I I  o r  o c t o p l o i d  
n u c l e i .  I f  th e  u p p e r  l i m i t  o f  t h e  C la s s  I  k id n e y  n u c l e i ,  
720 u n i t s ,  can be ta k e n  a s  th e  b o u n d a ry  betv/een th e  C la s s  I
and C la s s  I I  n u c l e i  in  th e  l i v e r  th e  479 l i v e r  n u c l e i  
m easured  may be d i v id e d  i n t o
281 C la s s  I  n u c l e i ,  i . e . ,  5 8 .7 $  o f  the  whole sa m p le ,  w i t h  
a DNA c o n te n t  o f  280 t o  720 u n i t s ,  mean = 502 u n i t s ;
191 C la s s  I I  n u c l e i ,  i . e . ,  3 9 .9 $  o f  th e  whole sa m p le ,
w i th  a  INA c o n te n t  o f  720 t o  1680 u n i t s ,  mean = 1145 
u n i t s ;  and
7 C la s s  I I I  n u c l e i ,  i . e . ,  1 .4 6 $  o f  th e  whole sam p le , 
w i th  a  INA c o n te n t  o f 1920 to  2520 u n i t s  
mean = 2197 u n i t s .
The mean DNA c o n te n t  o f th e  C la s s  I  k id n e y  n u c l e i  i s  500 
u n i t s ,  i . e . ,  v i r t u a l l y  th e  same a s  f o r  t h e  C la s s  I  l i v e r  
n u c l e i .  I t  w i l l  a l s o  be o b se rv e d  t h a t  t h e  mean DNA con ­
t e n t s  o f  t h e  t h r e e  C la s s e s  o f  n u c l e i  i n  th e  l i v e r  a r e  a p p r o x i ­
m a te ly  i n  th e  r a t i o  1 : 2 : 4 ,  These o b s e r v a t i o n s  a r e  in  
ag reem en t w i th  th e  f i n d i n g s  o f  R is  & M irsky  (1 9 4 9 ) ,  L e u c h te n -  
b e r g e r ,  V e n d re ly  Sc V e n d re ly  (1 9 5 1 ) ,  L e u c h te n b e r g e r , L e u c h te n -  
b e r g e r ,  V e n d re ly  & V e n d re ly  (1 9 5 2 ) ,  F r a z e r  & D avidson (1953) 
and S w if t  (1950a) p r e v i o u s l y  d i s c u s s e d  (see  S e c t io n s  2 .4  and 
3 . 1 ) .  The r e l a t i v e  p r o p o r t i o n s  of th e  d i f f e r e n t  c l a s s e s  o f 
n u c l e i  in  th e  l i v e r  a s  e s t i m a t e d  in  th e  p r e s e n t  e x p e r im e n t  
may be compared w i t h  t h e  r e l a t i v e  p r o p o r t i o n s  o f  d i p l o i d  
and  p o l y p l o i d  n u c l e i  a s  d e te rm in e d  h i s t o l o g i c a l l y  by o t h e r  
w o rk ers  ( se e  T ab le  6 3 ) .  The m o d e ra te ly  good ag reem en t b e -
Table 63.
The r e l a t i v e  p r o p o r t i o n s  o f d i p l o i d ,  t e t r a p l o i d ,  
o c to p l o i d  an d  1 6 - p l o id  n u c l e i  in  n o rm a l r a t  l i v e r  a s  
e s t im a t e d  h i s t o l o g i c a l l y  by v a r i o u s  w o rk e rs  (see  a l s o  
S e c t io n  2 . 4 ) .
R e fe re n c e  $ d i p l o i d  $ t e t r a p l o i d  % o c t o p l o i d  % 1 6 - p l o i d
B ie s e l e  (1944) 5 4 .5  4 0 .5  5 .0
•S u lk in  (1943) 4 7 .4  4 7 .5  4 .9  0 .2
•M cKellar (1944) 5 8 .0  4 2 .0
Re c a l c u l a t e d  on th e  a s s u m p t io n  t h a t  t h e  h e p a t o c y t e s  a c c o u n t  
f o r  o n ly  6©$ o f  th e  n u c l e i  i n  t h e  l i v e r  and  t h a t  th e  n o n -  
h e p a to c y te  n u c l e i  a r e  a l l  d i p l o i d  ( se e  S e c t io n  2 . 4 ) .
157 .
tween th e  h i s t o l o g i c a l  and c y to p h o to m e t r ic  r e s u l t s  would 
a p p e a r  t o  i n d i c a t e  t h a t  th e  n u c l e i  m easu red  i n  th e  p r e s e n t  
e x p e r im e n t  c o n s t i t u t e d  a f a i r l y  r e p r e s e n t a t i v e  sam ple  o f  
th e  whole p o p u l a t i o n  o f  n u c l e i  i n  th e  l i v e r .
L e n t i c u l a r  g l a r e .  R e fe re n c e  h a s  a l r e a d y  been  made 
( S e c t io n  3 .4 )  t o  t h e  c la im  o f  H aora  (H aora , 1951 , 1952;
H aora  & S i b a t a n i ,  1952) t h a t  l e n t i c u l a r  g l a r e  may i n t r o d u c e  
l a r g e  e r r o r s  i n to  the r e s u l t s  o b t a i n e d  by  c y to p h o to m e t r y .
F i g .  10 shows th e  r e s u l t s  o b ta in e d  by m e a su r in g  th e  DNA con­
t e n t  o f  72 l i v e r  n u c l e i  (a)  u s in g  n o rm al " w h o l e - f i e ld "  
i l l u m i n a t i o n  and  (b) u s i n g  " tw o -s p o t"  i l l u m i n a t i o n  w hich  
sh o u ld  v i r t u a l l y  e l i m i n a t e  l e n t i c u l a r  g l a r e .  I t  i s  c l e a r  
t h a t ,  i r r e s p e c t i v e  o f  th e  ty p e  o f  i l l u m i n a t i o n  u s e d ,  th e  
r e s u l t s  f a l l  i n t o  e s s e n t i a l l y  t h e  same b im o d a l  d i s t r i b u t i o n  
a s  t h a t  shown i n  F i g . 9 . ( I t  m u s t ,  o f  c o u r s e ,  be b o rn e  in
mind t h a t ,  a s  h a s  a l r e a d y  b een  p o i n t e d  o u t  a b o v e ,  th e  
a r b i t r a r y  u n i t s  shown i n  F i g . 9 a r e  n o t  n e c e s s a r i l y  o f  t h e  
same m agn itude  a s  th o s e  shown i n  F i g . 1 0 . )  I t  may t h e r e f o r e  
be p resum ed t h a t  t h e  u se  o f  " w h o l e - f i e l d ” i l l u m i n a t i o n  
th ro u g h o u t  th e  p r e s e n t  s e r i e s  o f e x p e r im e n ts  h a s  n o t  r e s u l t e d  
i n  th e  i n t r o d u c t i o n  o f  any v e ry  s e r i o u s  e r r o r s .
P a n c re a s  and  i n t e s t i n e .  F i g ,  11 shows th e  r e s u l t s  ob­
t a i n e d  in  an  e x p e r im e n t  in  which the  DNA c o n te n t s  o f  n u c l e i  
i s o l a t e d  from  k id n e y ,  p a n c re a s  and  s m a l l  i n t e s t i n e  w ere
F igu re  10.
F re q u en c y  h i s to g r a m s  o f  th e  r e l a t i v e  
d e o x y r ib o n u c le i c  a c i d  (MA) c o n te n t s  o f  72 
r a t  l i v e r  n u c l e i  m easu red  (a )  u s i n g  "w ho le -  
f i e l d ” i l l u m i n a t i o n  and  (b) u s i n g  ” t w o - s p o t ” 
i l l u m i n a t i o n .
C la s s  i n t e r v a l  = 100 a r b i t r a r y  u n i t s .
N .B . The a r b i t r a r y  u n i t s  u s e d  i n  t h i s  F ig u r e  
a r e  n o t  i d e n t i c a l  w i t h  th o s e  shown i n  F i g s .  9 ,  
11 , 12 , 13 , 14 o r  15, o r  in  T a b le s  64 o r  66 .
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F igure  11.
F re q u en c y  h i s to g r a m s  o f  t h e  d e o x y ­
r i b o n u c l e i c  a c i d  (IMA) c o n t e n t s  o f i n d i v i c h a l  
r a t  k id n e y ,  s m a l l  i n t e s t i n e ,  a n d  p a n c re a s  
n u c l e i  a s  e s t i m a t e d  by th e  c y to p h o to m e t r ic  
m ethod d e s c r i b e d  in  S e c t io n  3 . 4 .
C la s s  i n t e r v a l  = 20 u n i t s .
N.B. The a r b i t r a r y  u n i t s  u s e d  i n  t h i s  
F ig u r e  a r e  n o t  i d e n t i c a l  w i t h  th o s e  u s e d  
in  F i g s .  9 ,  10 , 12 , 1 3 , 14 o r  1 5 , o r  in  
T a b le s  64 o r  66 .
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Figure II.
m easu red . The mean H A  c o n te n t  o f  a l l  th e  k id n e y  n u c l e i  
m easured  i s  419 u n i t s ;  o f  a l l  th e  s m a l l  i n t e s t i n e  n u c l e i ,
411 u n i t s ;  and  of a l l  th e  p a n c r e a s  n u c l e i ,  515 u n i t s .
The means f o r  the  t h r e e  t i s s u e s  t h e r e f o r e  f a l l  i n  th e  r a t i o  
1 : 0 .9 8  : 1 .2 3 .  The a p p ro x im a te  a v e ra g e  MAP c o n te n t s  
p e r  n u c le u s  fo u n d  by c h e m ic a l  a n a l y s i s  i n  th e  p r e v io u s  i n ­
v e s t i g a t i o n  (T ab le  20) w e re :  f o r  k id n e y ,  0 ,6 5  p g . ;  f o r
sm a ll  i n t e s t i n e ,  0 ,7 4  p g . ; and f o r  p a n c r e a s ,  0 ,7 1  pg .
These c h e m ic a l ly  d e te rm in e d  f i g u r e s  a r e  in  th e  r a t i o  
1 : 1 .1 4  : 1 .0 9 .  As in  th e  c a se  o f  l i v e r  a n d  k id n e y ,  t h e  
m o d e ra te ly  good a g re em e n t of t h e s e  r a t i o s  d e te rm in e d  by two 
t o t a l l y  d i f f e r e n t  m ethods s u p p o r t s  th e  a s s u m p t io n  t h a t  th e  
c y to p h o to m e t r ie  t e c h n iq u e  u s e d  i n  th e  p r e s e n t  s e r i e s  o f  
e x p e r im e n ts  i s  a  f a i r l y  r e l i a b l e  means o f  e s t i m a t i n g  th e  
r e l a t i v e  DNA c o n te n t  o f  n u c l e i .
I t  i s  c l e a r  f ro m  F i g .  11 t h a t  a l l  th e  75 k id n e y  n u c l e i  
and 87 o f  th e  88 sm a ll  i n t e s t i n e  n u c l e i  b e lo n g  t o  G lass  I .
The re m a in in g  i n t e s t i n e  n u c le u s  p ro b a b ly  b e lo n g s  t o  G la ss  I I .  
P a n c re a s ,  on th e  o t h e r  h a n d , a p p e a r s  to  c o n ta in  a  c o n s i d e r a b l e  
p r o p o r t i o n  o f  C la s s  I I  n u c l e i .  I f  t h e  f i g u r e  o f  600 u n i t s ,  
w hich  marks t h e  u p p e r  l i m i t  o f  th e  C la s s  I  n u c l e i  o f  k id n e y  
and i n t e s t i n e ,  i s  t a k e n  a s  t h e  boundary  betw een  G lass  I  and  
C la s s  I I  n u c l e i  in  p a n c r e a s ,  t h e  213 p a n c r e a s  n u c l e i  m easu red  
may be d iv id e d  i n t o
174 C la s s  I  n u c l e i ,  i . e . ,  8 1 .7 $  o f  th e  whole sa m p le ,  
w i th  a H A  c o n te n t  o f  240 t o  600 u n i t s ,  
mean = 439 u n i t s ;  
and  39 C la s s  I I  n u c l e i ,  i . e . ,  1 8 .3 $  o f  th e  whole sam ple  
w i th  a  DNA c o n te n t  o f  620 t o  1120 u n i t s ,  
mean = 858 u n i t s .
( I t  s h o u ld  a g a in  he n o t e d  t h a t  th e  a r b i t r a r y  u n i t s  u s e d  in  
F i g . 11 a re  n o t  i d e n t i c a l  w ith  th o s e  u s e d  i n  F i g s . 9 o r  1 0 . )
As in  th e  c a se  o f  l i v e r  th e  mean H A  c o n te n t s  o f  C la s s e s  I  
and  I I  a r e  i n  th e  a p p ro x im a te  r a t i o  1 : 2 and th e  mean DNA 
c o n te n t  o f  C la s s  I  p a n c re a s  n u c l e i  i s  v e ry  c lo s e  to  t h a t  
fo u n d  f o r  C la s s  I  k id n e y  n u c l e i .  S i m i l a r  r e s u l t s  have  been  
o b ta in e d  by S w if t  (1950a) f o r  mouse p a n c r e a s .  I t  i s  o f  
some i n t e r e s t  t h a t  J a c o b j ' s  (1925) m easu rem en ts  o f  n u c l e a r  
volum es s u g g e s t  t h a t  a b o u t  30$ o f  th e  p a renchy m al c e l l s  of 
r a t  p a n c re a s  a r e  t e t r a p l o i d .
S perm atozoa . F i g . 12 shows th e  r e s u l t s  o b t a in e d  by 
com paring th e  DNA c o n te n t s  o f  r a t  sperm head.s a n d  r a t  k id n e y  
n u c l e i .  (Again th e  a r b i t r a r y  u n i t s  u s e d  i n  F i g . 12 a r e  n o t  
th e  same a s  th o se  u s e d  i n  F i g s . 9 ,  10 o r  1 1 . )  The k id n e y  
n u c l e i  m easu red  a l l  a p p e a r  t o  b e lo n g  t o  C la s s  I .  T h e i r  
a v e ra g e  DNA c o n te n t  i s  337 u n i t s .  The sperm h e ad s  a l s o  
f a l l  i n t o  a  s i n g l e  g roup  w i th  an a v e ra g e  DNA c o n te n t  o f  195 
u n i t s .  The r a t i o ,  mean IN A c o n te n t  o f  sperm head s /m ean
F igu re  12.
F re q u en c y  h i s to g r a m s  o f  d e o x y r ib o ­
n u c l e i c  a c i d  c o n t e n t s  o f  i n d i v i d u a l  r a t  
sp e rm ato x o a  an d  k id n e y  n u c l e i  a s  e s t i ­
m ated  b y  t h e  cyclopho tom e t r i e  m ethod 
d e s c r i b e d  in  S e c t io n  3 . 4 .
C la s s  i n t e r v a l  = 20 a r b i t r a r y  u n i t s .
N .B . The a r b i t r a r y  u n i t s  u s e d  i n  t h i s  
F ig u re  a r e  n o t  i d e n t i c a l  w i t h  th o s e  u s e d  
i n  F i g u r e s  9 ,  1 0 , 11, 13 , 14 o r  15 , o r  
in  T a b le s  64 o r  66.
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IMA c o n te n t  o f  k id n e y  n u c l e i  i s  th u s  195 /337  = 0 .5 9  : 1 .0 0  
i n s t e a d  o f  0 .5 0  : 1 .0 0  a s  p r e d i c t e d  by t h e  B o iv in -V e n d re ly  
h y p o t h e s i s .  T h is  d i s c r e p a n c y  c a n ,  h ow ever, p r o b a b ly  be f u l l y  
a c c o u n te d  f o r  by  th e  e r r o r s  o f th e  m ethod , s in c e  t h e  
c h a r a c t e r i s t i c  s i c k l e  shape o f  th e  r a t  sperm  h e a d  (se e  P i g . 8)
makes i t  a  p e c u l i a r l y  u n s a t i s f a c t o r y  o b j e c t  f o r  c y to p h o to m e t r y .
T u m o u r-b ear in g  l i v e r .  The e f f e c t  o f  t h e  c a r c in o g e n  
p -d im e th y la m in o a zo b e n ze n e  on th e  IMA c o n te n t  o f  t h e  l i v e r  
n u c l e i  i s  shown in  P ig .  13. The tu m o u r - b e a r in g  l i v e r  u s e d  
in  t h i s  e x p e r im e n t  was t a k e n  from  a r a t  w hich  h a d  been  m ain ­
t a i n e d  on th e  c a r c i n o g e n ic  d i e t  f o r  14 w eeks . Only p a r t  
o f  th e  o rg a n ,  which was e x t e n s i v e l y  i n f i l t r a t e d  w i t h  d i f f u s e  
tumour n o d u l e s ,  was u s e d  f o r  t h e  i s o l a t i o n  o f  n u c l e i  f o r  
c y to p h o to m e try ,  t h e  r e m a in d e r  b e in g  u s e d  f o r  th e  e s t i m a t i o n  
o f  th e  a v e ra g e  IMAP c o n te n t  p e r  n u c le u s  by th e  c h e m ic a l  m ethod 
u s e d  i n  th e  p r e v io u s  s e r i e s  o f  e x p e r im e n t s .  The mean EMA 
c o n te n t  o f th e  168 k id n e y  n u c l e i  m e a su re d  c y to p h o t o m e t r i c a l l y  
in  t h i s  e x p e r im e n t  i s  360 u n i t s  and  o f  t h e  222 l i v e r  n u c l e i ,  
441. u n i t s .  By th e  cy topho  tome t r i e  m ethod , t h e r e f o r e ,  th e  
r a t i o
Mean EMA c o n te n t  o f  n u c l e i  o f  tu m o u r -b e a r in g  l i v e r  __ 441
11 ft M ” M ” n o rm al k id n e y  *” 360
= 1 . 22 .
The a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  fo u n d  f o r  th e  tum ou r-  
b e a r in g  l i v e r  by ch em ica l  a n a l y s i s  o f  n u c l e i  i s o l a t e d  from
F igu re  13.
F re q u en c y  h i s to g r a m s  o f  deo x y ­
r i b o n u c l e i c  a c i d  (IMA) c o n t e n t s  o f  i n d i ­
v i d u a l  n u c l e i  o f  r a t  k id n e y  and  tum our-  
b e a r i n g  l i v e r  a s  e s t i m a t e d  by th e  c y t o -  
p h o to m e t r i c  m ethod d e s c r i b e d  i n  S e c t io n  3 . 4 .  
Two n u c l e i  o f  th e  tu m o u r - b e a r in g  l i v e r  
w i t h  HiA c o n t e n t s  o f  5120 a n d  5160 a r b i t r a r y  
u n i t s  a r e  n o t  shown."
G la ss  i n t e r v a l  = 40 u n i t s .
N .B . The a r b i t r a r y  u n i t s  u s e d  i n  t h i s  
F ig u r e  a re  n o t  i d e n t i c a l  w i t h  t h o s e  u s e d  
in  F ig u r e s  9 ,  10 , 11 , 12 , 14 o r  15 , o r  
i n  T a b le s  64 o r  66 .
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161.
th e  p o r t i o n  o f  t h i s  t i s s u e  n o t  r e q u i r e d  f o r  c y to p h o to m e try
was 0 .8 3  pg . The a v e ra g e  INAP c o n te n t  p e r  n u c le u s  f o r
no rm al k id n ey  h a s  a l r e a d y  been  fo und  hy th e  c h e m ic a l  m ethod
t o  be a b o u t  0 .6 5  pg . (see  T ab le  2 0 ) .
By th e  c h em ica l  m ethod , t h e r e f o r e ,  th e  r a t i o
Mean DNA, c o n te n t  o f  n u c l e i  o f  tu m o u r-b e a r in g  l i v e r  „ 0 .8 5
” M lf n w n no rm al k id n e y  0 .6 5
= 1 .2 8 .
Again  th e  ag reem en t betw een th e  r a t i o s  fo u n d  by th e  two 
m ethods i s  re m a rk a b ly  good.
Of th e  168 k id n e y  n u c l e i  shown in  P i g . 13, 166 form  a 
s i n g l e  peak  e x te n d in g  from  160 to  500 u n i t s  (mean = 358 
u n i t s )  and b e lo n g  to  C la ss  I .  The o t h e r  2 n u c l e i  w i th  DNA 
c o n te n t s  o f  720 to  800 u n i t s  b e lo n g  p resu m ab ly  to  C lass  I I .  
The n u c l e i  o f  th e  c a n c e ro u s  l i v e r  a p p e a r  t o  f a l l  i n t o  th e  
same t h r e e  c l a s s e s  a s  th e  n u c l e i  o f  norm al l i v e r .  I f ,  a s  
in  th e  case  o f  n o rm al l i v e r  and  p a n c r e a s ,  t h e  u p p e r  l i m i t  
o f  th e  C lass  I  k id n e y  n u c l e i  ( in  th e  p r e s e n t  e x p e r im e n t ,
600 u n i t s )  can be t a k e n  a s  th e  bound ary  betw een  th e  C la s s  I  
and C la s s  I I  n u c l e i  in  th e  l i v e r ,  th e  222 l i v e r  n u c l e i  
m easu red  may be d iv id e d  i n t o
186 C la s s  I  n u c l e i ,  i . e . ,  83.7/£ o f  th e  whole sam ple , 
w i th  a DNA c o n te n t  o f  80 t o  600 u n i t s ,  mean = 336 
u n i t s ;
24 C la s s  I I  n u c l e i ,  i . e . ,  1 0 .8 % o f  th e  whole sam p le ,
162.
•with a IN A c o n te n t  o f  600 t o  840 u n i t s ,  
mean = 733 u n i t s ;
10 C la s s  I I I  n u c l e i ,  i . e . ,  4 .5 $  o f  th e  whole sam p le , 
w i th  a  DNA c o n te n t  o f  960 -  1920 u n i t s ,  
mean = 1468 u n i t s ; 
and  2 n u c l e i ,  i . e . ,  0 .9 $  o f  th e  whole sam ple , w i th  a 
ENA c o n te n t  o f  3120 -  3160 u n i t s ,  mean = 3140 
u n i t s ,  w h ich  p resum ab ly  c o n s t i t u t e  a C la s s  IV.
Once a g a i n ,  th e  mean ENA c o n te n ts  f o r  C la s s e s  I ,  I I ,  I I I  
and  IV a r e  a p p ro x im a te ly  i n  th e  g e o m e t r i c a l  p r o g r e s s io n  
1 : 2 : :  4 : 8 and th e  mean ENA c o n te n t  f o r  C la s s  I  l i v e r  
n u c l e i  i s  ro u g h ly  the  same a s  f o r  C la s s  I  k id n e y  n u c l e i .
S ince  the  a r b i t r a r y  u n i t s  u s e d  in  P i g s . 9 and 13 a r e  
n o t  n e c e s s a r i l y  o f  t h e  same m a g n i tu d e ,  a d i r e c t  com parison  
o f  th e  n u m e r ic a l  r e s u l t s  o b t a in e d  f o r  no rm al a n d  c a n c e ro u s  
l i v e r  i s  n o t  p o s s i b l e .  I f ,  how ever, th e  g e n e r a l  p a t t e r n s  
o f  th e  r e s u l t s  shown in  F i g s . 9 a n d  13 a r e  com pared, i t  b e ­
comes a p p a r e n t  t h a t  t h e  m ost s t r i k i n g  e f f e c t  o f  th e  c a r g in o -  
gen h a s  been  to  i n c r e a s e  v e ry  c o n s id e r a b ly  th e  p r o p o r t i o n  
o f  C la s s  I  n u c l e i  i n  th e  l i v e r  (from  5 8 .7 $  t o  8 3 .7 $ )  and 
s im u l t a n e o u s ly  to  d e c r e a s e  t h e  p r o p o r t i o n  o f  t e t r a p l o i d  
n u c l e i  from  3 9 .9 $  to  1 0 .8 $ .  To some e x t e n t  a t  l e a s t ,  i t  
would seem r e a s o n a b le  t o  i n t e r p r e t  th e s e  changes a s  i n d i c a t ­
in g  th e  11 d i l u t i o n ” o f  the  n u c l e i  o f  th e  no rm al l i v e r  by
1 6 3 .
d ip lo id ,  tum our n u c l e i .  The p o s s i b i l i t y  t h a t  o t h e r  f a c t o r s  
may a l s o  be in v o lv e d  ( e . g . ,  d e s t r u c t i o n  o f  n o rm a l l i v e r  
t i s s u e  due to  co m p ress io n  by g row ing  tum our n o d u le s )  m ust 
n o t ,  how ever, be o v e r lo o k e d .
R e g e n e ra t in g  l i v e r .  The MA c o n te n t s  o f  n u c l e i  i s o ­
l a t e d  from  a p o r t i o n  of t h e  re m a in in g  f ra g m e n t  o f  l i v e r  48 
h o u rs  a f t e r  p a r t i a l  h ep a tec to ray  ( i . e . ,  d u r in g  th e  p h ase  of 
v e ry  r a p i d  g row th) a r e  shown in  P i g . 14. A seco n d  p o r t i o n  
of th e  same f ra g m e n t  o f l i v e r  was u s e d  t o  o b t a i n  an e s t im a t e  
o f  a v e ra g e  DNAP c o n te n t  p e r  n u c le u s  by th e  c h em ic a l  t e c h n iq u e  
u s e d  in  th e  p re v io u s  s e r i e s  o f  e x p e r im e n ts .  The mean DMA 
c o n te n t  o f  t h e  371 n u c l e i  o f  r e g e n e r a t i n g  l i v e r  w h ich  were 
m easu red  c y to p h o t o m e t r i c a l l y  i s  1053 u n i t s  and  t h e  c o r r e s p o n d ­
in g  f i g u r e  f o r  th e  139 k id n e y  n u c l e i  w h ich  s e rv e d  a s  c o n t r o l s  
i s  560 u n i t s .  By t h e  c y to p h o to m e t r ic  m ethod , t h e r e f o r e ,  
th e  r a t i o
Mean DMA c o n te n t  o f  n u c l e i  o f  r e g e n e r a t i n g  l i v e r  _ 1053
n n M n n 11 n o rm a l k id n e y  560
= 1. 88.
The a v e ra g e  MAP c o n te n t  p e r  n u c le u s  f o r  th e  r e g e n e r a t i n g  
l i v e r  a s  d e te rm in e d  by c h e m ic a l  a n a l y s i s  o f  n u c l e i  i s o l a t e d  
from  th e  p o r t i o n  o f  t h i s  t i s s u e  n o t  r e q u i r e d  f o r  c y to p h o to -  
m etry  was 1 .2 6  pg . T h is  f i g u r e  i s  i n  good ag reem ent w i th  
th e  r e s u l t s  p r e v i o u s l y  o b t a in e d  f o r  t h i s  t i s s u e  by  th e
F igu re  14.
F re q u en c y  h i s to g r a m s  o f  t h e  deo x y ­
r i b o n u c l e i c  a c i d  (J1A) c o n te n t s  o f  n u c l e i  
o f  r a t  k id n e y  an d  r e g e n e r a t i n g  l i v e r  as 
e s t i m a t e d  by  t h e  c y to p h o  tome t r i e  m ethod 
d e s c r i b e d  i n  S e c t io n  3 . 4 .
C la s s  i n t e r v a l  = 80 a r b i t r a r y  u n i t s .
N .B . The a r b i t r a r y  u n i t s  u s e d  i n  t h i s  
F ig u r e  a r e  n o t  i d e n t i c a l  w i th  th o s e  u s e d  
i n  F i g u r e s  9 ,  10 , 11 , 1 2 ,  13 o r  1 5 ,  o r  
in  T a b le s  64 o r  66 .
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Figure 14.
c h em ica l  method (se e  T ab le  2 5 ) .  The a v e ra g e  MAP c o n te n t  
p e r  n u c le u s  f o r  n o rm al k id n e y  h a s  a l r e a d y  been  fo u n d  by th e  
c h em ica l  method t o  be a b o u t  0 .6 5  pg . By th e  c h e m ic a l  
m ethod, t h e r e f o r e ,  t h e  r a t i o
Mean HA  c o n te n t  o f  n u c l e i  o f  r e g e n e r a t i n g  l i v e r  _ 1 .2 5 6
,f !l M n n ” no rm al k id n e y  0 .6 5
= 1 .9 3 ,
which  i s  in  rem a rk a b ly  good ag reem en t w i t h  the  r a t i o  fo u n d  
by th e  c y to p h o to m e tr ic  m ethod.
Prom P ig .  14 i t  w i l l  be seen  t h a t  138 o f  th e  139 k id n e y  
n u c l e i  m easu red  fo rm  th e  u s u a l  sy m m e tr ic a l  an d  f a i r l y  com­
p a c t  C la s s  I  peak  e x te n d in g  fro m  320 t o  880 u n i t s  w i th  a 
mean o f  557 u n i t s .  The re m a in in g  n u c l e u s ,  c o n ta in i n g  1080 
u n i t s  o f  IMA,  p resu m ab ly  b e lo n g  to  C la s s  I I .  The n u c l e i  
o f : th e  r e g e n e r a t i n g  l i v e r  f a l l  i n t o  th e  same f o u r  C la s s e s  
a s  th o s e  o f  th e  tum our b e a r in g  l i v e r .  T ak ing  the  u p p e r  
l i m i t  o f  th e  C la s s  I  k id n e y  n u c l e i  a s  th e  b o u n d a ry  be tw een  
C la ss  I  and. C lass  I I  n u c l e i  i n  th e  l i v e r ,  th e  371 l i v e r  
n u c l e i  may be d iv id e d  i n t o
214 C la s s  I  n u c l e i ,  i . e . ,  57.7;^ o f  th e  whole sam p le ,
c o n ta in in g  320 to  880 u n i t s  o f  M A , mean = 580 u n i t s  
103 C la s s  I I  n u c l e i ,  i . e . ,  2 7 .7 fo  o f  th e  whole sa m p le ,  
c o n ta in in g  880 t o  1600 u n i t s  o f  MA, 
mean = 1224 u n i t s ;
165.
49 C lass  I I I  n u c l e i ,  i . e . ,  1 3 .2 $  o f  th e  whole sa m p le ,  
c o n ta in in g  1600 t o  3120 u n i t s  o f  IMA, 
mean = 2373 u n i t s ; 
and 5 C la ss  IV n u c l e i ,  i . e . ,  1 .3 5 $  o f  the  whole sa m p le ,  
c o n ta in in g  3840 t o  5200 u n i t s  o f  M A, 
mean = 4808 u n i t s .
Once a g a in  th e  mean IMA c o n te n t s  f o r  C la s s e s  I ,  I I ,  I I I  and 
IV a r e  a p p ro x im a te ly  in  th e  r a t i o  1 : 2 : 4 : 8 and  th e  
mean IMA c o n te n t  f o r  C la s s  I  l i v e r  n u c l e i  i s  a p p ro x im a te ly  
th e  same a s  f o r  C lass  I  k id n e y  n u c l e i .
I f  th e  g e n e r a l  p a t t e r n  o f  t h e s e  r e s u l t s  i s  compared 
w i th  t h a t  shown in  F i g . 9 , i t  i s  a p p a r e n t  t h a t  t h e  r e g e n e r a t ­
in g  l i v e r  c o n ta in s  t h e  same t h r e e  C la s s e s  o f n u c l e i  a s  th e  
no rm al o rg an  in  somewhat d i f f e r e n t  p r o p o r t i o n s .  In  p a r ­
t i c u l a r ,  th e  p e r c e n ta g e  o f  C la s s  I I  n u c l e i  h a s  f a l l e n  from  
3 9 .9  to  2 7 .7  and th e r e  1ms been a  c o r r e s p o n d in g  i n c r e a s e  in  
th e  p e rc e n ta g e  of C la s s  I I I  n u c l e i  from  1 .4 6  t o  1 3 .2 .  At 
th e  same tim e  a few n u c l e i  w hich  a p p e a r  t o  b e lo n g  to  C la s s  
IV have em erged . P resum ably  th e s e  changes a re  r e s p o n s i b l e  
f o r  t h e  m arked b u t  t r a n s i e n t  i n c r e a s e  i n  a v e ra g e  DNAP con­
t e n t  p e r  n u c le u s  d u r in g  th e  f i r s t  f o u r  days f o l lo w in g  
p a r t i a l  h e p a tec to m y  w hich  was o b se rv e d  in  th e  p re v io u s  s e r i e s  
o f  e x p e r im e n ts .
166.
H i t h e r t o  th e  te rm s  C la s s  I I ,  C la s s  I I I  and C la s s  IV 
have been  u se d  a s  th o u g h  th e y  were synonymous w i t h  t e t r a p l o i d ,  
o c to p l o i d  a n d  1 6 - p l o id ,  r e s p e c t i v e l y .  T h is  p r a c t i c e  may 
n o t ,  how ever, be e n t i r e l y  j u s t i f i e d  s i n c e  i f  S w if t  (1950a) 
and  h i s  a s s o c i a t e s  (see  S ec tion  2 ,4 )  a r e  c o r r e c t  i n  t h e i r  
th e o r y  t h a t  a n u c le u s  about to  u n d e rg o  m i t o s i s  d o u b le s  i t s  
c o n te n t  o f  fflA, i t  f o l lo w s  t h a t ,  f o r  exam ple , a  C la s s  I I  
m ic le u s  may be e i t h e r  a  r e s t i n g  i n t e r p h a s e  t e t r a p l o i d  
n u c le u s  o r  a  d i p l o i d  n u c le u s  a b o u t  t o  e n t e r  p ro p h a s e .  In  
view o f  th e  v e ry  h i g h  m i t o t i c  r a t e  i n  r e g e n e r a t i n g  l i v e r  
(see  S e c t io n  2 .4 )  i t  seems m ost p ro b a b le  t h a t  a  l a r g e  p r o ­
p o r t i o n  o f  t h e  C la s s  I I I  an d  C la ss  TV n u c l e i  in  t h i s  t i s s u e  
a r e ,  i n  f a c t ,  t e t r a p l o i d s  and  o c to p l o i d s  w hich  have d o u b le d  
t h e i r  ENA c o n te n t  i n  p r e p a r a t i o n  f o r  m i t o s i s  r a t h e r  th a n  
r e s t i n g  i n t e r p h a s e  o c to p l o i d s  and 1 6 - p l o id s .
V a r i a t i o n  betw een n u c l e i  o f  a s i n g l e  c l a s s .  One o f  
th e  somewhat s u r p r i s i n g  f e a t u r e s  o f  t h e  r e s u l t s  o b t a in e d  in  
th e  p r e s e n t  s e r i e s  of e x p e r im e n ts  was th e  wide s c a t t e r  of 
v a lu e s  o b ta in e d  f o r  d i f f e r e n t  n u c l e i  b e lo n g in g  t o  th e  same 
C la s s .  The f r e q u e n c y  d i s t r i b u t i o n  f o r  k id n e y  n u c l e i  shown 
in  F i g . 9 may be ta k e n  a s  an exam ple . Even i f  th e  two 
n u c l e i  c o n ta in in g  960 -  1040 u n i t s  o f  MA a r e  e x c lu d e d  as  
b e lo n g in g  to  C la s s  I I ,  t h e  r e m a in d e r ,  a l l  o f  w hich  b e lo n g  
p resu m ab ly  to  C la s s  I ,  g iv e  f i g u r e s  o f  a n y th in g  from  280
167.
t o  720 u n i t s  o f  IMA w i t h  a  mean o f  500 u n i t s  and  a s t a n d a r d  
d e v i a t i o n  o f  87 u n i t s .  The c o e f f i c i e n t  o f  v a r i a t i o n  f o r  
t h i s  g ro u p ,  t h e r e f o r e ,  i s  500  x  100 = 17.47s. T h is  w ide 
s c a t t e r  m ight he i n t e r p r e t e d  i n  two w ays. I t  m ig h t he 
assum ed t h a t  th e  c y to p h o to m e t r ic  m ethod u s e d  was f a i r l y  
a c c u r a t e  and t h a t  th e  o b se rv e d  s c a t t e r  o f  r e s u l t s  r e f l e c t e d  
a  t r u e  h i o l o g i c a l  v a r i a t i o n  i n  ENA c o n te n t  b e tw een  d i f f e r e n t  
n u c l e i  o f  th e  same C la s s .  A l t e r n a t i v e l y ,  i t  m igh t he 
assum ed t h a t  a l l  th e  n u c l e i  m easu red  h ad  e x a c t l y  the  same 
c o n te n t  o f INA and t h a t  t h e  o b se rv e d  s c a t t e r  was due t o  
e r r o r s  i n h e r e n t  i n  th e  m ethod o f  m easu rem en t. C l e a r l y ,  i t  
was o f  c o n s id e r a b le  im p o rtan c e  t o  d e te rm in e  w hich  o f  th e s e  
e x p la n a t i o n s  was c o r r e c t .
A c c o rd in g ly ,  a  sm ear o f  n o rm al k id n e y  n u c l e i  was 
p h o to g ra p h e d  i n  th e  u s u a l  way. One o f  th e  f ram e s  o f  th e  
n e g a t iv e  so o b t a in e d  was s e l e c t e d  f o r  m easu rem en t. Of th e  
25 n u c l e i  w hich  i t  c o n ta in e d  one was r e j e c t e d  a s  b e in g  
a p p a r e n t l y  damaged and  th ^  r e m a in in g  24 *,ere num bered. The 
IMA c o n te n t s  o f  th e s e  n u c l e i  were e s t i m a t e d  i n  th e  u s u a l  way 
4 t im e s ,  in  random o r d e r  each  t im e .  The f i g u r e s  o b ta in e d  
(shown i n  T ab le  64) were s u b m i t te d  to  a n a l y s i s  o f  v a r i a n c e  
(S n e d ec o r ,  1946; B row nlee , 1 9 4 8 ) .  The r e s u l t s  o f  t h i s  
a n a l y s i s  (T able  65) showed a s i g n i f i c a n t  d i f f e r e n c e  be tw een  
n u c l e i  and  th e  c o r re s p o n d in g  c o e f f i c i e n t  o f  v a r i a t i o n  was
Table 64.
S t a t i s t i c a l  e x p e r im e n t  to  d e te rm in e  w h e th e r  t h e r e  i s  
any s i g n i f i c a n t  d i f f e r e n c e  i n  DNA c o n te n t  betw een i n d i v i ­
d u a l  r a t  k id n e y  n u c l e i  o f  th e  same C la s s .
IN A c o n te n t s  o f  24 k id n e y  n u c l e i  m easu red  4 t i m e s ,  
in  random o r d e r  e a c h  t im e .
N uc leu s  JMA c o n te n t  i n  a r b i t r a r y  u n i t s ’*
No. 1 s t  2nd 3 r d  4 t h
e s t im a t e  e s t im a te  e s t im a t e  e s t im a te
1 455 412 361 381
2 445 382 438 330
3 346 322 347 322
4 378 332 371 335
5 343 315 400 375
6 377 375 426 376
7 374 382 332 312
8 437 422 469 346
9 349 347 351 306
10 374 402 400 345
11 352 376 340 340
12 386 347 348 376
13 346 381 358 375
14 324 319 368 373
15 383 372 420 349
16 395 336 354 420
17 311 363 378 314
18 374 339 312 334
19 467 333 376 377
20 339 356 402 349
21 460 363 393 333
22 328 326 288 331
23 340 460 341 323
24 384 339 368 335.
-*N.B. The a r b i t r a r y  u n i t s  i n  which th e s e  e s t i m a t e s  a r e  
e x p re s s e d  a r e  n o t  i d e n t i c a l  w i th  th o s e  u s e d  i n  P i g s . 9 ,
10 , 11, 12 , 13, 14 o r  15, o r  i n  T ab le  66.
Grand mean o f  th e  24 n u c l e i  = 36 5 .3  a r b i t r a r y  u n i t s .
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F igu re  15,
F re q u e n c y  h i s to g r a m  o f  mean v a lu e s  
f o r  d e o x y r i b o n u c le i c  a c i d  (H A ) c o n t e n t  
o f  r a t  l i v e r  n u c l e i  shown i n  T ab le  66.
C la s s  i n t e r v a l  = 80 u n i t s .
N .B . The a r b i t r a r y  u n i t s  u s e d  i n  t h i s  
F ig u r e  a r e  n o t  i d e n t i c a l  w i t h  t h o s e  u s e d  
i n  F ig u r e s  9 ,  10 , 11 , 12 , 13 o r  14 o r  i n s 
T ab le  64.
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DNA c o n t e n t  p e r  nuc leus  in a r b i t r a r y  units
Figure 15.
Table 66 .
S t a t i s t i c a l  e x p e r im e n t  t o  d e te rm in e  vi/hether t h e r e  i s  
any s i g n i f i c a n t  d i f f e r e n c e  i n  DNA c o n te n t  be tw een  i n d i v i ­
d u a l  r a t  l i v e r  n u c l e i  b e lo n g in g  t o  th e  same C la s s .
DNA c o n te n t s  o f  59 l i v e r  n u c l e i  e s t i m a t e d  t w i c e ,  i n  
random o r d e r  e a c h  t im e .
N o t e : -  When th e  mean v a lu e s  o f  th e  two m easu rem en ts  
made on eac h  o f  th e  59 n u c l e i  w ere p l o t t e d  i n  t h e  fo rm  o f  
a f r e q u e n c y  h i s to g r a m  ( P i g .1 5 ) ,  i t  became c l e a r  t h a t  th e  
n u c l e i  f e l l  i n t o  two d i s c r e t e  g r o u p s :
( i )  36 n u c l e i  f o r  which mean v a lu e s  o f  160 t o  560
a r b i t r a r y  u n i t s  were o b ta in e d  and w hich  a l l  
p resu m ab ly  b e lo n g e d  to  C la s s  I ;  and
( i i )  23 n u c l e i  f o r  w hich mean v a lu e s  o f  640 to  
1120 a r b i t r a r y  -un its  w ere  o b t a i n e d  and  w h ich  
a l l  p resu m ab ly  b e lo n g e d  to  C la s s  I I .
In  th e  p r e s e n t  T ab le  t h e  f i g u r e s  o b t a i n e d  f o r  t h e  two 
g ro u p s  a r e  l i s t e d  s e p a r a t e l y .
C la s s  I  n u c l e i
N uc leus
No.
DNA c o n te n t  in  a r b i t r a r y  u n i t s  
1 s t  e s t im a t e  2nd e s t i m a t e  Mean
1 /12
1 /14
1 /15
1 /16
460
396
430
485
264
309
374
429
388
422
435
539
275
340
205
482
315
345
315
531
347
462
522
510
352
280
281
297
277
371
424
477
551
271
367
234
506
399
354
346
409
436
461
459
470
419
272 
295 
336
353 
380 
423 
456 
545
273
354 
220 
494 
357 
350 
331 
470 
392
2 /4
2 /6
2 /7
2 /8
2 /9
2 /1 2
2 /13
2 /15
2 /1 6
2 /17
2 /1
2 /3
Table 66 (Contd.)
C la s s  I  n u c l e i  c o n t in u e d
N uc leus  IMA c o n t e n t  i n  a r b i t r a r y  u n i t s
No. 1 s t  e s t im a t e  2nd e s t i m a t e  Mean
2 /2 0  375 357 366
2 /2 1  424 413 419
3 /1  304 286 295
3 /3  306 292 299
3 /5  276 281 279
3 /6  292 283 288
3 /7  413 423 418
3 /8  357 355 356
3 /1 0  373 316 345
3 /1 2  404 297 351
3 /1 3  320 405 363
3 /1 5  314 255 285
3 /1 6  348 367 358
3 /1 8  409 372 391
3 /1 9  413 420 417 .
Grand mean o f  th e  36 C la s s  I  n u c l e i  
= 3 7 0 .3 0  a r b i t r a r y  u n i t s .
C la s s  I I  n u c l e i
1 / 1 834 600 717
x / z 794 875 835
i / s 924 910 917
1 /9 846 831 839
3 /11 1042 1037 1040
1 /13 964 945 955
1 /17 939 1015 977
1 /18 835 882 859
1 /19 1118 971 1045
2 /2 995 974 985
2 /5 889 680 785
2 /1 0 1042 977 1010
2 /14 952 1141 1047
2 /1 8 788 685 737
2 /1 9 1090 1053 1072
2 /2 2 940 885 913
2 /23 746 913 830
3 /2 687 720 704
T able  66 (C o n td .)  
C la s s  I I  n u c l e i  c o n t in u e d .
N uc leu s   IN A c o n te n t  i n  a r b i t r a r y  u n i t s
No. 1 s t  e s t im a te  2nd e s t i m a t e  Mean
3 /4  695 836 766
3 /9  1019 1044 1032
3 /1 1  1045 996 1021
3 /1 4  785 1008 897
3 /1 7  898 1040 969
Grand mean o f  t h e  23 C la s s  I I  n u c l e i  
= 91 0 .5  a r b i t r a r y  u n i t s .
N.B. The a r b i t r a r y  u n i t s  u s e d  th ro u g h o u t  t h i s  
T ab le  (and in  P i g . 15) a r e  n o t  i d e n t i c a l  
w i th  th o s e  u s e d  i n  P i g s . 9 ,  10 , 11 , 12 ,
13 o r  14 , o r  i n  T ab le  64.
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e s t im a t e d  to  be 4 .8 $  o f  t h e  mean DNA c o n te n t  o f  t h e  24 
n u c l e i  m ea su re d .  The r e a l  v a r i a t i o n  in  ENA c o n te n t  from  
one C la s s  I  n u c le u s  t o  a n o t h e r  may, i n  f a c t ,  be l e s s  t h a n  
t h i s  e s t i m a t e ,  s in c e  some o f  th e  e r r o r s  o f  th e  m ethod  c a n ­
n o t  be e l i m i n a t e d  by r e p l i c a t i n g  m e a su re m e n ts ,  e . g . ,  t h e  
e r r o r  i n t r o d u c e d  by th e  f a c t  t h a t ,  a l t h o u g h  th e  m ethod  i s  
t h e o r e t i c a l l y  v a l i d  o n ly  f o r  s p h e r i c a l  o r  e l l i p s o i d a l  n u c l e i  
in  w hich  th e  a b s o r b in g  m a t e r i a l  i s  e v e n ly  d i s t r i b u t e d  w i t h i n  
th e  n u c le u s  ( P r a z e r  & D av id so n , 1953 ; see  a l s o  O r n s t e i n ,  
1 9 5 2 ) ,  i t  i s  b e in g  a p p l i e d  in  th e  p r e s e n t  i n s t a n c e  to  n u c l e i  
w hich  o n ly  a p p ro x im a te ,  i n  v a r y in g  d e g r e e s ,  t o  th e s e  
t h e o r e t i c a l  r e q u i r e m e n t s .
A s i m i l a r  s t a t i s t i c a l  t e s t  was a p p l i e d  to  C la s s  I  and  
C la s s  I I  l i v e r  n u c l e i .  T hree  a d j a c e n t  f ra m e s  o f  l i v e r  
n u c l e i  were s e l e c t e d  fro m  th e  n e g a t i v e  from  w h ich  t h e  d a t a  
shown In  P i g . 9 were o b t a i n e d .  The 59 n u c l e i  i n  t h e s e  f r a m e s  
were num bered and t h e i r  M A c o n te n t  m eas iired  tw ic e  In  t h e  
u s u a l  way, i n  random o r d e r  e a c h  t im e ,  The i n d i v i d u a l  
f i g u r e s  o b t a i n e d  a r e  shown In  T ab le  66 . The means o f  th e  
two f i g u r e s  o b t a i n e d  f o r  e a c h  n u c le u s  a r e  p l o t t e d  i n  th e  
fo rm  o f a f r e q u e n c y  h i s to g r a m  i n  P i g .  15. They f a l l  I n t o  
two d i s t i n c t  p eak s  e x te n d in g  from  160 t o  560 u n i t s  a n d  from  
680 t o  1080 u n i t s .  I t  was p resum ed  t h a t  a l l  th e  n u c l e i  o f  
th e  f i r s t  g ro up  b e lo n g e d  t o  C la s s  I  and  a l l  t h o s e  o f  th e
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seco nd  g roup  t o  C la s s  I I .  A c c o r d in g ly ,  th e  i n d i v i d u a l  
f i g u r e s  o b t a i n e d  f o r  eac h  g ro u p  w ere  s u b m i t t e d  t o  a n a l y s i s  
o f  v a r i a n c e  a s  i n  th e  c a se  o f  k id n e y  n u c l e i  (se e  T a b le s  67 
and 6 8 ) .  By t h i s  means i t  was e s t a b l i s h e d  t h a t  i n  b o th  
g rou ps  t h e r e  was a s i g n i f i c a n t  v a r i a t i o n  i n  HA c o n te n t  
be tw een I n d i v i d u a l  n u c l e i .  The m ag n itu d e  o f  th e  c o r r e s p o n d ­
in g  c o e f f i c i e n t s  o f  v a r i a t i o n  was e s t i m a t e d  t o  be 18% o f  th e  
mean DNA c o n te n t  f o r  C la s s  I  n u c l e i  a n d  11$ o f  t h e  mean f o r  
C lass  I I  n u c l e i .  A l th o u g h  t h e s e  f i g u r e s  a r e  c o n s i d e r a b ly  
l a r g e r  th a n  t h a t  fo u n d  f o r  th e  k id n e y  n u c l e i  t h i s  n e e d  n o t  
n e c e s s a r i l y  mean t h a t  th e  v a r i a t i o n  i n  DNA c o n te n t  b e tw een  
i n d i v i d u a l  n u c l e i  w i t h i n  a  s i n g l e  C la s s  i s  g r e a t e r  i n  l i v e r  
t h a n  i n  k id n e y  b u t  may m e re ly  fee a  r e f l e c t i o n  o f  th e  f a c t  
t h a t  th e  d i s t r i b u t i o n  o f  th e  P e u lg e n  s t a i n  was g e n e r a l l y  
l e s s  u n i fo rm  w i t h i n  th e  I n d i v i d u a l  l i v e r  n u c le u s  th a n  w i t h i n  
th e  i n d i v i d u a l  k id n e y  n u c l e u s .
3 .6  D is c u s s io n .
I t  h a s  been  shown i n  th e  p r e c e d in g  s e c t i o n  t h a t  w h e re v e r  
th e  a v e ra g e  HA c o n te n t  o f th e  n u c l e i  o f  a  t i s s u e  c o u ld  be 
e s t im a t e d  by b o t h  c h e m ic a l  a n a l y s i s  o f  c o u n te d  s u s p e n s io n s  o f  
i s o l a t e d  n u c l e i  and by t h e  c y to p h o to m e t r ie  m ethod  o f  F r a z e r  
& D avidson (1 9 5 3 ) ,  t h e  a g re e m e n t  be tw een  th e  r e s u l t s  o f  the  
two m ethods was re m a rk a b ly  good . I t  seems t h e r e f o r e  
j u s t i f i a b l e  to  assume t h a t  th e  l a t t e r  t e c h n iq u e  i s  a  f a i r l y
r e l i a b l e  means o f  e s t i m a t i n g ,  a t  l e a s t  a p p r o x im a te ly ,  th e  
r e l a t i v e  DNA c o n te n t  o f  i n d i v i d u a l  n u c l e i .
The r e s u l t s  w hich  have  been  o b t a i n e d  by i t s  u s e  in  
th e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts  m ig h t  be sum m arised  a s  
f o l lo w s .  A l l  th e  n u c l e i  o f  th e  s i x  s o m a tic  t i s s u e s  i n ­
v e s t i g a t e d  (norm al k id n e y ,  l i v e r ,  i n t e s t i n e  and  p a n c r e a s ,  
c an c e ro u s  l i v e r  and  l i v e r  r e g e n e r a t i n g  a f t e r  p a r t i a l  h e p a -  
tec tom y) f a l l  i n t o  f o u r  c l a s s e s  w i t h  r e s p e c t  t o  t h e i r  c o n te n t  
o f  DNA. C la s s  I  n u c l e i ,  w h ic h  c o n ta in  a p p r o x im a te ly  tw ic e  
a s  much DNA a s  s p e rm a to z o a ,  a r e  th e  m ost common c l a s s  i n  a l l  
s i x  t i s s u e s .  C la s s  I I  n u c l e i ,  w h ich  c o n t a i n  a p p r o x im a te ly  
tw ic e  a s  much DNA a s  C la s s  I ,  a r e  num erous i n  n o rm a l  l i v e r  
and  p a n c r e a s ,  in  c a n c e ro u s  l i v e r  a n d  i n  r e g e n e r a t i n g  l i v e r .
A few o f t h e  n u c l e i  o f  n o rm al k id n e y  a n d  i n t e s t i n e  a l s o  
a p p e a r  t o  b e lo n g  to  t h i s  C la s s .  C la s s  I I I  n u c l e i ,  c o n t a i n ­
in g  a p p ro x im a te ly  tw ic e  a s  much DNA a s  C la s s  I I  a n d  f o u r  
t im e s  a s  much a s  C la s s  I ,  w ere fo u n d  o c c a s i o n a l l y  i n  n o rm a l  
l i v e r  and  c a n c e ro u s  l i v e r ,  and more f r e q u e n t l y  In  r e g e n e r a t ­
in g  l i v e r .  A few o f  th e  n u c l e i  in  r e g e n e r a t i n g  l i v e r  a n d  
in  c a n c e ro u s  l i v e r  c o n ta in  tw ic e  a s  much INA a s  C la s s  I I I  
( i . e . ,  e i g h t  t im e s  a s  much a s  C la s s  I )  and  may be  r e g a r d e d  
a s  c o n s t i t u t i n g  a C la s s  IV . The e r r o r s  of th e  m ethod  do 
n o t  a l lo w  o f  an a c c u r a t e  e s t im a t e  b e in g  made o f  th e  d i f f e r ­
ences  i n  DNA c o n te n t  be tw een  i n d i v i d u a l  n u c l e i  w i t h i n  t h e  
same t i s s u e  and  b e lo n g in g  to  th e  same c l a s s .  I t  seems
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p r o b a b le ,  how ev er ,  t h a t  the c o e f f i c i e n t  o f  v a r i a t i o n  f o r  
t h e s e  d i f f e r e n c e s  does n o t  g r e a t l y  e x c e e d  15$ and may ev en  
be l e s s  th a n  5$ . E v idence  h a s  been  p r e s e n t e d  s u g g e s t in g  
t h a t  i n  n o rm a l  l i v e r  and  p a n c r e a s  C la s s e s  I I  and  I I I  p r o ­
b a b ly  r e p r e s e n t  i n t e r p h a s e  t e t r a p l o i d  and  o c t o p l o i d  n u c l e i  
r e s p e c t i v e l y .  On the  o t h e r  h a n d ,  i t  seems p r o b a b le  t h a t  
many o f  th e  C la ss  I I I  and C la s s  IV n u c l e i  fo u n d  i n  r e g e n e r a t ­
in g  l i v e r  may w e l l  be r e s p e c t i v e l y  t e t r a p l o i d  and  o c t o p l o i d  
n u c l e i  w h ich  have d o u b le d  t h e i r  DNA c o n t e n t  p r e p a r a t o r y  to  
u n d e rg o in g  m i t o s i s  (see  S e c t io n  2 . 4 ) .
These r e s u l t s  c l e a r l y  s u p p o r t  t h e  h y p o t h e s i s  t h a t  th e  
TEA c o n te n t  p e r  s e t  o f  chromosomes i s  a t  l e a s t  a p p r o x im a te ly  
c o n s t a n t  f o r  the  n u c l e i  o f  a s i n g l e  s p e c i e s .  In  t h i s  
r e s p e c t  th e y  a r e  i n  ag reem en t w i t h  t h o s e  o b t a i n e d  by m ost 
o t h e r  w orke rs  who have u s e d  th e  c y to p h o  tome t r i e  t e c h n iq u e  t o  
e s t im a t e  t h e  DNA c o n te n t  o f th e  n u c l e i  o f  r a t  a n d  mouse 
t i s s u e s  (R is & M irs k y , 1 9 4 9 a ;  S w i f t ,  19 50a ; L e u c h te n b e r g e r ,  
V e n d re ly  2c V e n d re ly ,  1951; L e u c h te n b e r g e r ,  L e u c h te n b e r g e r ,
V en d re ly  & V e n d re ly ,  1952; A l f e r t ,  u n p u b l i s h e d  r e s u l t s
c i t e d  by P o l l i s t e r ,  1952b; F r a z e r  & D a v id so n ,  1 9 5 3 ) .  More­
o v e r ,  inasm uch a s  th e y  i n d i c a t e  t h a t  p o l y p l o i d  n u c l e i  con ­
t a i n i n g  2 ,  4 o r  even  8 t im e s  a s  much ENA a s  n o rm a l  d i p l o i d  
n u c l e i  may n o t  be uncommon i n  t h e  v a r i o u s  t i s s u e s  o f  th e  r a t ,  
th e y  s u g g e s t  an e x p l a n a t i o n  f o r  th e  o b s e r v a t i o n  o f  Cunningham
e t  a l .  (1950) t h a t  in  th e  r a t  th e  a v e ra g e  DNA c o n te n t  p e r  
n u c le u s  i s  an o m a lo u s ly  h i g h  i n  th e  e x t e r n a l  o r b i t a l  g l a n d  
a s  w e l l  a s  in  t h e  l i v e r  ( se e  T ab le  1 8 ) ,  p a r t i c u l a r l y  s i n c e  
t h e r e  i s  e v id e n c e  o f  a  p u r e l y  h i s t o l o g i c a l  n a t u r e  f o r  th e  
o c c u r re n c e  o f  p o l y p lo i d y  i n  t h i s  t i s s u e  ( T e i r ,  1 9 4 4 ) .  
S i m i l a r l y  L e u c h te n b e rg e r ,  K le in  & K le in  (19 52a , b) have  
shown t h a t  i n  t h e  mouse t h e  DNA c o n t e n t  o f  n u c l e i  o f  E h r l i c h  
a s c i t e s  tum ours m easu red  c y t o p h o t o m e t r i c a l l y  i s  tw ic e  t h a t  
fo u n d  in  n o rm al  d i p l o i d  n u c l e i  and  hav e  d e m o n s t r a te d  by means 
o f  chromosome c o u n ts  t h a t  t h i s  i s  due t o  p o l y p l o i d y .  I t  
seems p ro b a b le  t h a t  th e  o b s e r v a t i o n  o f  P e te rm an n  & S c h n e id e r
(1951) t h a t  in  th e  same s p e c i e s  t h e  a v e r a g e  INA c o n t e n t  p e r  
n u c l e u s ,  d e te rm in e d  c h e m ic a l ly ,  i s  h i g h e r  in  le u k a e m ic  s p l e e n  
th a n  in  th e  n o rm al o rgan  may a l s o  be e x p l a i n e d  in  te rm s  o f  
p o ly p lo id y  (Mizen & P e te rm an n , 1 9 5 2 ) .  I t  would a p p e a r ,  
t h e r e f o r e ,  t h a t  th e  v a r i a t i o n s  in  a v e ra g e  DNA c o n t e n t  p e r  
n u c le u s  f ro m  t i s s u e  to  t i s s u e  w hich  a r e  fo u n d  w i t h i n  a  s i n g l e  
s p e c i e s  a r e ,  in  g e n e r a l ,  due to  th e  p r e s e n c e  o f  v a r y i n g  
p r o p o r t i o n s  o f  p o l y p l o i d  n u c l e i .  At th e  same t im e  i t  may 
be n o te d  t h a t  Mir sky 8c R is  (195D) have  now w ith d raw n  t h e i r  
c la im  (se e  S e c t io n  1 .1 1  an d  T a b le  17) t h a t  t h e  a v e r a g e  DNA 
c o n te n t  of th e  s o m a t ic  n u c l e i  o f  b e e f  t i s s u e s  i s  more t h a n  
tw ic e  t h a t  o f  b u l l  sperm . The o r i g i n a l  r e a s o n s  f o r  b e ­
l i e v i n g  t h a t  th e  Boiv in - V e n d r e ly  h y p o t h e s i s  m ig h t  n o t  be
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v a l i d  f o r  mammalian s p e c i e s  ( se e  S e c t io n  1 .1 1 )  have  th u s  
l o s t  t h e i r  f o r c e .
There  re m a in s ,  h ow ever ,  th e  c la im  o f  P a s t e e l s  & L is o n  
(1 9 5 0 a ) ,  a l r e a d y  c i t e d  i n  S e c t io n  3 . 1 ,  t h a t ,  a l t h o u g h  t h e r e  
a r e  t h r e e  c l a s s e s  o f  n u c l e i  in  r a t  l i v e r  and  p a n c r e a s ,  th e  
c h a r a c t e r i s t i c  DNA c o n te n t s  o f w h ich  a r e  in  th e  a p p ro x im a te  
r a t i o  1 : 2 : 4 ,  t h e  c h a r a c t e r i s t i c  H A  c o n te n t  f o r  e a c h  
c l a s s  i s  a b o u t  30% below th e  t h e o r e t i c a l  d i p l o i d  or_ t e t r a ­
p l o i d  o r  o c t o p l o i d  v a l u e ,  a s  d e te rm in e d  by m easu rem en ts  on 
th e  n u c l e i  o f  o t h e r  t i s s u e s .  O b se rv in g  t h a t  no o t h e r  g ro u p  
o f  w o rk e rs  w ere  a b le  t o  c o n f i rm  t h e i r  f i n d i n g s  on t h i s  p o i n t ,  
P a s t e e l s  & L is o n  (1953) have r e i n v e s t i g a t e d  the  q u e s t i o n  f o r  
th e m se lv e s  by  c a r r y i n g  o u t  m easu rem en ts  on a  f u r t h e r  t h r e e  
r a t s .  In  t h e s e  a n im a ls  th e y  f i n d ,  a s  a l l  o t h e r  w o rk e rs  who 
have made s i m i l a r  m easu rem en ts  have  fo u n d ,  t h a t  th e  a v e ra g e  
DNA c o n te n t  o f  th e  C la s s  I I  n u c l e i  o f  th e  l i v e r  i s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  th e  t h e o r e t i c a l  t e t r a p l o i d  
amount (as  e s t i m a t e d ,  in  t h i s  c a s e ,  from  m easurem ents  on 
p r im a ry  s p e r m a to c y te s ,  w h ich  b o th  P a s t e e l s  & L is o n ,  1950a , 
and S w i f t ,  1950a , have shown to  have  tw ic e  th e  DNA c o n te n t  
o f  t h e  n o rm al d i p l o i d  n u c l e i ) .  At th e  same tim e th e y  have 
r e p e a t e d  t h e i r  m easu rem en ts  on th e  s e c t i o n s ,  t a k e n  f ro m  a 
s i n g l e  a n im a l ,  w h ich  th e y  u s e d  In  t h e i r  o r i g i n a l  e x p e r im e n ts ,  
and  have a g a in  r e p o r t e d  t h a t  in  t h i s  a n im a l  th e  C lass  I I
1 7 4 .
l i v e r  n u c l e i  c o n ta in e d  o n ly  a b o u t  70$ o f  th e  t h e o r e t i c a l  
t e t r a p l o i d  am ount. From t h e s e  o b s e r v a t i o n s  th e y  c o n c lu d e  
t h a t  th e  mean DNA c o n te n t s  o f  th e  t h r e e  c l a s s e s  o f  l i v e r  
n u c l e i  v a ry  from  one a n im a l  to  a n o t h e r  and t h a t  th e  con­
s t a n c y  o f  th e  DNA c o n te n t  p e r  s e t  o f  chromosomes m ust n o t  
be t h e r e f o r e  r e g a r d e d  "a  1 ’ i n s t a r  d !un  dogme". T h is  seems 
a v e ry  sw eeping g e n e r a l i s a t i o n  to  make on th e  b a s i s  o f  an 
e x a m in a t io n  o f  no more th a n  f o u r  a n im a l s ,  o f  w h ic h  t h r e e  
gave f i g u r e s  w hich  a r e  in  p e r f e c t  a c c o rd a n c e  w i t h  th e  ” dogma” , 
w h ile  th e  anom alous r e s u l t s  o b t a i n e d  f ro m  th e  f o u r t h ,  a l ­
th o u g h  f i r s t  p u b l i s h e d  a lm o s t  t h r e e  y e a r s  a g o ,  have  n e v e r  
been  c o n f i rm e d  f o r  a n o th e r  a n im a l  e i t h e r  by P a s t e e l s  oc L is o n  
o r  by anyone e l s e .  U nder th e s e  c i r c u m s ta n c e s  i t  seems n o t  
u n re a s o n a b le  t o  a ssum e, u n t i l  P a s t e e l s  & L is o n  p ro d u ce  
e v id e n c e  to  t h e  c o n t r a r y ,  t h a t  th e  r e s u l t s  o b t a i n e d  f ro m  
t h i s  a n im a l  were due t o  some a r t e f a c t  i n  p r e p a r i n g  th e  
t i s s u e s  f o r  c y to p h o to m e t r y .
M ention  m ust a l s o  be  made o f  th e  c y to p h o to m e t r ic  r e s u l t s  
r e c e n t l y  r e p o r t e d  by S i b a t a n i ,  Fukuda , M atsuda & N aora  (1 9 5 2 ) .  
These w o rk ers  f i n d  t h a t  t h e  d i p l o i d  n u c l e i  o f  r a t  k id n e y ,  
a d r e n a l ,  p a n c re a s  a n d  c e re b e l lu m  a l l  c o n ta in  a p p ro x im a te ly  
th e  same amount o f  IMA w h i le  th e  t e t r a p l o i d  n u c l e i  o f  l i v e r  
c o n ta in  tw ic e  t h i s  am ount. On the  o t h e r  hand  the  n u c l e i  o f  
o e so p h a g e a l  e p i t h e l i u m  a r e  r e p o r t e d  a s  c o n ta in i n g  l e s s  th a n
th e  d i p l o i d  amount o f  H A ,  and  th e  p r im a ry  s p e r m a to c y te s  
( c o n t r a r y  t o  b o th  P a s t e e l s  & L is o n ,  1950 and  S w i f t ,  1950a) 
a s  c o n ta in in g  more th a n  th e  t e t r a p l o i d  am ount. W hile  t h e s e  
o b s e r v a t io n s  have been  p u b l i s h e d  o n ly  a s  a  b r i e f  n o t e  and  
can n o t  t h e r e f o r e  be c r i t i c a l l y  a s s e s s e d ,  i t  may w e l l  be 
t h a t  th e  two a p p a r e n t  e x c e p t io n s  t o  the  B o iv in -V e n d re ly  
h y p o th e s i s  may be l e s s  s i g n i f i c a n t  t h a n  m ig h t be t h o u g h t  a t  
f i r s t  s i g h t .  H i s t o l o g i c a l  e x a m in a t io n  o f  t h e  e p i t h e l i u m  o f  
t h e  r a t  oesophagus shows i t  t o  be o f  t h e  s t r a t i f i e d  squamous 
ty p e  in  w h ich  c e l l s  a r e  b e in g  c o n t in u o u s ly  d e sq u am a ted  from  
th e  s u r f a c e  and  b e in g  r e p l a c e d  fro m  b e lo w . I t  may w e l l  be  
t h a t  th e  low a v e ra g e  DMA c o n te n t  fo u n d  f o r  th e  n u c l e i  o f  
su ch  c e l l s  i s  s im p ly  a r e f l e c t i o n  o f  th e  p y k n o s is  a n d  c o n se ­
q u e n t  l o s s  o f  HLA ( L e u c h te n b e r g e r ,  1950) w h ich  o c c u r s  a s  th e  
c e l l ,  becom ing more and  more f l a t t e n e d  and  s c a l e - l i k e  i n  
a p p e a ra n c e ,  a p p ro a c h e s  t h e  o u t e r  s u r f a c e  o f  t h e  e p i t h e l i u m .  
On th e  o t h e r  hand , th e  a n o m a lo u s ly  h ig h  f i g u r e  o b t a i n e d  f o r  
p r im a ry  s p e rm a to c y te s  may be r e l a t e d  t o  th e  f a c t  t h a t  th e y  
were a p p a r e n t l y  m ea su re d  a t  th e  l e p t o t e n e  s t a g e  s in c e  i t  i s  
d o u b t f u l  w h e th e r  a t  t h i s  p o i n t  i n  t h e  m e i o t i c  p r o c e s s  the  
DMA o f  th e  sp e rm a to c y te  n u c le u s  would be s u f f i c i e n t l y  e v e n ly  
d i s t r i b u t e d  t o  a l lo w  a c c u r a t e  cy toph o  tome t r i e  m easu rem en ts  
t o  be made ( O m s t e i n ,  1 9 5 2 ) .
I t  seem s, t h e r e f o r e ,  t h a t  on th e  b a s i s  o f  th e  p r e s e n t
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s e r i e s  o f  e x p e r im e n t s ,  o f  th e  p r e v i o u s  c h e m ic a l  i n v e s t i g a t i o n  
( S e c t io n  2 .3 )  and  o f  t h e  o b s e r v a t i o n s  r e p o r t e d  by o t h e r  
w o rk e r s ,  we may r e a s o n a b l y  c o n c lu d e  t h a t  t h e  DMA c o n te n t  
p e r  s e t  o f  chromosomes i s  a p p ro x im a te ly  c o n s t a n t  f o r  t h e  
r e s t i n g  i n t e r p h a s e  n u c l e i  o f  th e  d i f f e r e n t  t i s s u e s  o f  t h e  
r a t .  W hether th e r e  may be s m a l l  b i o l o g i c a l  v a r i a t i o n s  i n  
HA c o n te n t  p e r  s e t  o f  chromosomes b e tw een  i n d i v i d u a l  n u c l e i  
i s  s t i l l  u n c e r t a i n .  The a rgum en ts  o r i g i n a l l y  p u t  f o r w a r d  
by B o iv in ,  V e n d re ly  & V e n d re ly  (1948) s u g g e s t  r a t h e r  t h a t  
th e  DMA c o n te n t  p e r  n u c le u s  ( e x c e p t  i n  th e  c ase  o f  p o l y p l o i d  
o r  p y k n o t ic  o r  np r e - m i t o t i c ” n u c l e i )  sh o u ld  be a b s o l u t e l y  
c o n s t a n t  f o r  any  s p e c i e s  -  a  s o r t  o f  b i o l o g i c a l  a to m ic  w e ig h t .  
As more and more c y to p h o to m e t r ic  i n v e s t i g a t i o n s  have  a p p e a re d  
t o  show t h a t  t h e r e  i s  some v a r i a t i o n  i n  DNA c o n te n t  be tw een  
i n d i v i d u a l  n u c l e i  o f  th e  same c l a s s  and w i t h in  th e  same 
t i s s u e ,  th e  c o r r e c t n e s s  o f  t h i s  ’’r i g o r o u s ” v iew  h a s  come t o  
be d o u b te d  ( L e u c h te n b e r g e r ,  V e n d re ly  & V e n d re ly ,  1951; 
L e u c h te n b e rg e r  & S c h r a d e r ,  1952; D av id son , 1 9 5 3 ) .  I t  s h o u ld ,  
how ever, be  p o i n t e d  o u t  t h a t ,  a s  has  been  shown In  th e  p r e ­
ced in g  s e c t i o n ,  some a t  l e a s t  o f  t h i s  a p p a r e n t  v a r i a t i o n  b e ­
tween n u c l e i  i s  due t o  t h e  e r r o r s  i n h e r e n t  i n  t h e  c y to p h o to ­
m e t r i c  m ethod . C l e a r l y ,  t h e r e f o r e ,  a  d e f i n i t e  a n sw e r  t o  
th e  q u e s t io n  o f  w h e th e r  t h e  DNA c o n te n t  p e r  s e t  o f  chromosomes 
in  d i f f e r e n t  n u c l e i  i s  a b s o l u t e l y  c o n s t a n t  o r  o n ly  a p p ro x im a te ly
so -w ill o n ly  be p o s s i b l e  when more p r e c i s e  a n d  r e l i a b l e  
t e c h n iq u e s  f o r  m e a su r in g  th e  r e l a t i v e  XU A c o n t e n t  o f  
i n d i v i d u a l  n u c l e i  have b e en  d e v i s e d .
P a r t  IV. 
G e n e ra l  J> is  c a s s l o n ,
179.
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4 # 1 The d e o x y r ib o n u c le i c  a c i d  c o n te n t  o f  th e  c e l l  n u c l e u s .
The r e s u l t s  o b t a i n e d  in  th e  p r e s e n t  s e r i e s  o f  e x p e r i ­
m ents by b o t h  c h e m ic a l  a n a l y s i s  o f  c o u n te d  s u s p e n s io n s  o f  
i s o l a t e d  n u c l e i  an d  c y to p h o to m e t r ie  m easu rem en ts  on i n d i v i d u a l  
n u c l e i  i n d i c a t e  f a i r l y  c o n c l u s i v e l y  t h a t  th e  DMA c o n t e n t  p e r  
s e t  o f  chromosomes i s  a t  l e a s t  a p p ro x im a te ly  c o n s t a n t  f o r  t h e  
r e s t i n g  i n t e r p h a s e  n u c l e i  o f  th e  d i f f e r e n t  t i s s u e s  and  
o rg a n s  o f  t h e  r a t .  In  view o f  th e  r e s u l t s  p r e v i o u s l y  r e ­
p o r t e d  by th e  V e n d re ly s  ( se e  T ab le  1 6 ) ,  by M irsky  & R is  
(see  T ab le  1 7 ) ,  by D avidson  a n d  h i s  a s s o c i a t e s  ( s e e  T a b le  19) 
and  by S w if t  (see  S e c t io n  3 .1 )  i t  w ould  seem r e a s o n a b l e  t o  
assume t h a t  t h i s  c o n c lu s io n  i s  v a l i d  a l s o  f o r  o t h e r  a n im a l  
s p e c i e s .  T h is  a s su m p tio n  i s  s u p p o r te d  by th e  r e s u l t s  o f  a  
number o f  e x p e r im e n ts  o f  a  r a t h e r  m is c e l l a n e o u s  c h a r a c t e r .  
S c h ra d e r  & L e u c h te n b e rg e r  (1 9 5 0 ) ,  f o r  ex am p le ,  have shown 
by th e  c y to p h o to m e t r ie  m ethod t h a t  in  t h e  p e n ta to m id  i n s e c t  
A r v e l iu s  a lb o p u n c ta t u s  a l l  s p e rm a to c y te  n u c l e i  have  th e  
same c o n te n t  o f  DNA a l t h o u g h  t h e i r  volumes and  p r o t e i n  c o n ­
t e n t s  v a ry  q u i t e  w id e ly .  S i m i l a r l y ,  A l f e r t  (1951) has  
shown t h a t ,  i n  the  m ouse, a l l  th e  p r im a ry  o o c y te  n u c l e i  on 
w h ich  s a t i s f a c t o r y  c y to p h o to m e t r ie  m easurem ents  c o u ld  be 
made c o n ta in e d  a p p ro x im a te ly  th e  same amount o f  DNA in  s p i t e  
o f  th e  wide v a r i a t i o n  in  t h e i r  vo lum es. Davison & Osgood
( u n p u b l is h e d  e x p e r im e n ts  c i t e d  by M irsky  & R i s ,  1951) have 
shown, by g r o s s  c h e m ic a l  a n a l y s i s  o f  c o u n te d  s u s p e n s io n s  
o f  c e l l s ,  t h a t  i n  man th e  g r a n u l o c y te s  a n d  ly m p h o cy tes  
(two q u i t e  d i f f e r e n t  c e l l  t y p e s )  b o t h  c o n ta in  a p p r o x im a te ly  
tw ic e  a s  much DNA a s  t h e  sp e rm a to z o a .  R e i s n e r  & K orson
(1 9 5 1 ) ,  u s in g  th e  cy to p h o  tome t r i e  t e c h n i q u e ,  have  fo u n d  t h a t  
th e  DNA c o n t e n t  o f  human e r y t h r o b l a s t  n u c l e i  i s  th e  same f o r  
no rm al and anaem ic  s u b j e c t s  a n d  t h a t ,  i n  t h e  c a s e  o f  th e  
l a t t e r ,  i t  i s  u n a f f e c t e d  by t r e a tm e n t  w i th  v i t a m in
f o l i c  a c i d  o r  l i v e r  e x t r a c t .  U s ing  th e  same m ethod A l f e r t  
A Bern (1951) have s t u d i e d  t h e  e f f e c t s  o f  o e s t r o g e n  on th e  
n u c l e i  o f  t h e  u t e r i n e  g la n d s  o f  th e  r a t  and  have  r e p o r t e d  
t h a t  i t  p ro d u c e s  a  m arked i n c r e a s e  i n  n u c l e a r  volume a n d  
p r o t e i n  c o n te n t  b u t  no change  in  DNA c o n t e n t .  In  a  some­
what s i m i l a r  f a s h i o n  Di S t e f a n o ,  B a s s ,  D ie rm e ie r  & Tepperman
(1952) have  fo u n d  t h a t  hypophysectom y and a d m i n i s t r a t i o n  o f  
g ro w th  hormone a f f e c t  th e  RNA and  p r o t e i n  c o n te n t  o f  r a t  
l i v e r  n u c l e i  b u t  n o t  t h e i r  c o n t e n t  o f  DNA. F i n a l l y ,  Moore
(1952) h a s  p ro d u ce d  a n d r o g e n e t i c  h a p l o i d  f r o g  embryos by 
rem oving  th e  m a te r n a l  chromosomes f ro m  the  f e r t i l i z e d  egg  and  
h a s  shown c y t o p h o t o m e t r i e a l l y  t h a t  th e  n u c l e i  in  the  t i s s u e s  
o f  su c h  embryos c o n ta in  a p p ro x im a te ly  h a l f  as  much DNA a s
th e  c o r r e s p o n d in g  n u c l e i  o f  n o rm al d i p l o i d  embryos a t  the  
same s ta g e  o f  developm en t.
On th e  o t h e r  hand , i n  o n ly  one case  h a s  e v id e n c e  been
p ro d u ce d  f o r  th e  o c c u r r e n c e  i n  an  a n im a l  s p e c i e s  o f  a wide 
and  i r r e g u l a r  v a r i a t i o n  in  t h e  IMA c o n te n t  o f  th e  n u c l e i  
w hich  i s  n o t  a p p a r e n t l y  c o r r e l a t e d  w i th  p o l y p lo i d y ,  p o l y t e n y ,  
m i t o s i s  o r  p y k n o s i s .  In  th e  s a l i v a r y  g la n d  o f  t h e  s n a i l  
H e l ix  a s p e r s a  th e  n u c l e i  o f  n o n - s e c r e t i n g  c e l l s  have been  
shown to  have  a much h i g h e r  c o n te n t  o f  DNA (as  d e te rm in e d  
by c y to p h o to m e t r ie  m easu rem en ts  on F e u l g e n - s t a i n e d  p r e p a r a ­
t i o n s )  th an  th o s e  o f  a c t i v e l y  s e c r e t i n g  c e l l s  ( L e u c h te n b e rg e r  
& S c h ra d e r ,  1 9 5 2 ) .  S ince  t h e r e  a p p e a r s  t o  be an  i n v e r s e  
r e l a t i o n s h i p  be tw een  th e  s i z e  an d  31A c o n t e n t  o f  th e  n u c le u s  
on the one hand  a n d  th e  amount o f  s e c r e t i o n  v i s i b l e  i n  t h e  
c y to p la s m  on th e  o t h e r ,  i t  i s  s u g g e s t e d  t h a t  t h e  s e c r e t i o n  
may be d e r i v e d  from  d e g r a d a t i o n  p r o d u c t s  o f  DNA. The 
m echanism  by w h ich  t h i s  p o s t u l a t e d  p r o c e s s  m ig h t  ta k e  p la c e  
i s  c o m p le te ly  o b s c u re .
I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  th e  b a la n c e  o f  th e  e v id e n c e  
p u b l i s h e d  i n  th e  l i t e r a t u r e  s u p p o r t s  th e  view  t h a t  t h e  
m o d i f i e d  B o iv in -V e n d re ly  h y p o t h e s i s  i s  v a l i d  n o t  o n ly  f o r  t h e  
r a t  b u t  f o r  an im a l  s p e c i e s  i n  g e n e r a l ,  a t  l e a s t  i n  th e  case  
o f  t i s s u e s  w h ic h  a r e  n o t  g row ing  r a p i d l y .  The s i g n i f i c a n c e  
o f  r e s u l t s  o b t a in e d  f ro m  t i s s u e s  w hich  a re  g row ing  r a p i d l y  
i s ,  f o r  s e v e r a l  r e a s o n s ,  much more d i f f i c u l t  t o  a s s e s s .
1 . The r e s u l t s  o b t a i n e d  i n  th e  p r e s e n t  i n v e s t i g a t i o n  
f o r  l i v e r  r e g e n e r a t i n g  a f t e r  p a r t i a l  h e p a te c to m y , as  w e l l  a s  
th o se  p r e v i o u s l y  r e p o r t e d  by S w if t  (1950a) have i n d i c a t e d
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t h a t  i n  su c h  a t i s s u e  i n d i v i d u a l  n u c l e i  o f  th e  same p l o id y  
c a n n o t  a l l  he e x p e c te d  to  have  th e  same c o n te n t  o f  DNA, 
s in c e  some w i l l  be d o u b l in g  t h e i r  c o n t e n t  o f  IN A p r e p a r a t o r y  
to  m i t o s i s .  The f a c t ,  t h e r e f o r e ,  t h a t  Moore (1952) fo u n d  
c o n s id e r a b le  v a r i a t i o n s  i n  DNA c o n te n t  be tw een  i n d i v i d u a l  
n u c l e i  i n  th e  t i s s u e s  o f f r o g  embryos and e s p e c i a l l y  i n  
th o se  of e a r l y  embryos n e e d  n o t  be t a k e n  a s  i n v a l i d a t i n g  
th e  m o d if ie d  B o iv in -V e n d re ly  h y p o t h e s i s .  I t  m u s t ,  o f  
c o u r s e ,  be a p p r e c i a t e d  t h a t ,  w h ile  t h e  p r e s e n c e  o f  su c h  
" p r e m i t o t i c ” n u c l e i  w i t h  an i n c r e a s e d  c o n te n t  o f  DNA can  be 
d e t e c t e d  f a i r l y  r e a d i l y  by th e  c y to p h o to m e t r ie  m ethod , o n ly  
in  a  t i s s u e  In w h ich  m i to s e s  a r e  e x c e p t i o n a l l y  f r e q u e n t  
w i l l  t h e  p r o p o r t i o n  of su c h  n u c l e i  be so g r e a t  a s  to  p ro d u ce  
a  p e r c e p t i b l e  i n c r e a s e  in  t h e  a v e ra g e  INA c o n te n t  p e r  n u c l e u s .  
Fo r  exam ple , f o l lo w in g  p a r t i a l  h e p a te c to m y  in  t h e  r a t  t h e  
number o f  c e l l s  i n  th e  re m a in in g  f ra g m e n t  o f  l i v e r  d o u b le s  
w i t h in  4 - 6  d ay s  (se e  T ab le  2 5 ) .  Y e t  d u r in g  t h i s  phenomen­
a l l y  r a p i d  h y p e r p l a s i a  th e  a v e ra g e  IN A c o n t e n t  p e r  n u c le u s  
does n o t  r i s e  above 150% o f  th e  n o r m a l ly  r e s t i n g  l e v e l  
(T ab le  2 5 ) .  I t  i s  h a r d l y  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  
D avidson  e t  a l .  (1950) sh o u ld  have  fo u n d  th e  t i s s u e s  o f  th e  
c h ic k  embryo, i n  w hich  g ro w th  i s  much l e s s  r a p i d  th a n  i n  
r e g e n e r a t i n g  r a t  l i v e r ,  to  have th e  same a v e ra g e  MA c o n t e n t  
p e r  n u c le u s  a s  t h e  t i s s u e s  o f  a d u l t  b i r d s  o f  th e  same
s p e c i e s  ( se e  T ab le  1 9 ) ,  a l t h o u g h  s u b s e q u e n t  c y to p h o to m e t r ic  
e x p e r im e n ts  by F r a z e r  & D avidson  (1953) have s u g g e s t e d  t h a t  
a  sm a l l  p r o p o r t i o n  o f  th e  n u c l e i  i n  c h ic k  embryo l i v e r  ( i n  
w h ich  p o l y p lo i d y  does n o t  a p p e a r  t o  o c c u r )  have a  ENA con­
t e n t  30 -  100% above t h e  n o rm al r e s t i n g  d i p l o i d  l e v e l .
2 .  I t  m ust  be e x p e c te d  a l s o  t h a t  t h e r e  w i l l  be a 
v a r i a t i o n  in  a v e ra g e  DMA c o n t e n t  p e r  n u c le u s  f ro m  one t i s s u e  
to  a n o th e r  s i n c e  d i f f e r e n t  t i s s u e s  w i l l  c o n t a i n  d i f f e r e n t  
p r o p o r t i o n s  o f  n u c l e i  p r e p a r i n g  f o r  m i t o s i s .  F o r  exam ple , 
D av id son , L e s l i e  & W hite (1950 , 1951) have  d e m o n s t r a te d  
t h a t  i n  man t h e  a v e ra g e  DNA c o n t e n t  o f  t h e  l e u c o c y t e s  o f  th e  
p e r i p h e r a l  b l o o d ,  a  c e l l  ty p e  i n  w h ich  p o ly p lo id y  d o es  n o t  
o c c u r  (M andel, M e ta ls  & Cuny, 1950; M andel, 1 9 5 1 ) ,  a n d  
w h ich  d o e s  n o t  u n d e rg o  m i t o s i s ,  i s  a p p r o x im a te ly  tw ice  t h e  
ENA c o n te n t  o f  th e  s p e rm a to z o a ,  w he reas  the  s t e r n a l  bone 
m arrow, a  t i s s u e  in  w hich  h a e m o p o ie s is  i s  a c t i v e  and  m i t o s e s  
a r e  r e l a t i v e l y  num erous , h a s  a  DNA c o n t e n t  p e r  n u c le u s  
a p p r e c i a b l y  i n  e x c e s s  of t h i s  am ount. T h is  phenomenon i s  
p ro b a b ly  a l s o  th e  cause  o f  t h e  v a r i a t i o n  i n  UNA c o n te n t  p e r  
n u c le u s  be tw een  d i f f e r e n t  t i s s u e s  o f  th e  f r o g  embryo w h ich  
was n o t e d  by Moore (1 9 5 2 ) .
3 .  The a v e ra g e  XU A c o n te n t  p e r  n u c le u s  In  a  g row ing  
t i s s u e  w i l l  d e p en d  t o  some e x t e n t  a l s o  on e x t e r n a l  c i r c u m ­
s t a n c e s ,  Any f a c t o r ,  f o r  ex am p le , w h ich  ten d s  to  i n h i b i t
m i t o s i s  w i t h o u t  a f f e c t i n g  t h e  s y n t h e s i s  o f  ENA w i l l  t e n d  t o  
cause  n u c l e i  w h ich  have  d o u b le d  t h e i r  IN A c o n te n t  i n  p r e ­
p a r a t i o n  f o r  m i t o s i s  t o  a c c u m u la te ,  th u s  c a u s in g  an  i n c r e a s e  
i n  t h e  a v e ra g e  MA c o n t e n t  p e r  n u c le u s  f o r  t h e  t i s s u e .  I t  
h a s  a l r e a d y  been  s u g g e s te d  t h a t  t h i s  m echanism  m ig h t  be 
r e s p o n s i b l e  f o r  th e  i n c r e a s e  i n  IN A c o n t e n t  o f  th e  l i v e r  
n u c le i  w h ich  a c c o r d in g  t o  E ly  & Ross (1951a) a n d  Lecomte & 
Smul (1952) i s  p ro d u c e d  in  young grow ing r a t s  w h ic h  have 
been f e d  a p r o t e i n - f r e e  d i e t .  I t  may e q u a l l y  w e l l  be 
r e s p o n s i b l e  f o r  th e  a b n o rm a l ly  h i g h  v a lu e s  fo u n d  by  D av id so n , 
L e s l i e  & W hite  (1 950 , 1951) f o r  th e  DNA c o n te n t  p e r  n u c le u s  
in  th e  s t e r n a l  marrow o f  human s u b j e c t s  s u f f e r i n g  fro m  
m e g a lo b l a s t i c  anaem ias  ( se e  a l s o  M enten , 1952; M enten & 
W illm s , 1952a , b ) .
The m ost im p o r ta n t  e v id e n c e  on t h e  JHA c o n te n t  o f  t h e  
n u c l e i  o f  r a p i d l y  g row ing  t i s s u e s  h a s ,  h o w ev er ,  been o b t a i n e d  
by th e  u s e  o f  t h e  c y to p h o to m e t r ic  t e c h n iq u e .  A l f e r t  (1951) 
h a s  u s e d  t h i s  m ethod t o  s tu d y  th e  p r o c e s s  o f c le a v a g e  i n  the 
m ouse. In  t h i s  s p e c i e s  th e  m ale a n d  fem a le  p r o n u c l e i  
(w hich  a r e ,  o f  c o u r s e , h a p l o i d )  do n o t  fu s e  a t  f e r t i l i z a t i o n  
b u t  i n s t e a d  l i e  s id e  by s id e  u n t i l  t h e  chromosomes i n  each 
condense  and  fo rm  a  common m etaphase  p l a t e ,  i n  preparation 
f o r  th e  f i r s t  c le a v a g e  d i v i s i o n .  I f  t h e  conclusions drawn 
from  th e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts  a r e  generally valid,
i t  w ould  be  p r e d i c t e d  t h a t  the  h a p lo id  p r o n u c le i  p r e p a r in g  
f o r  th e  f i r s t  c le a v a g e  d iv i s io n  sh o u ld  have a DNA c o n te n t  
i n t e r m e d i a t e  be tw een  the  t h e o r e t i c a l  h a p lo id  and d i p l o i d  
v a l u e s ,  w h i le  th e  f r e q u e n t ly  d iv id in g  d i p l o i d  n u c l e i  o f  
th e  e a r l y  embryo sh o u ld  have a DNA c o n te n t  in te rm e d ia te  
be tw een  t h e  t h e o r e t i c a l  d i p l o i d  and t e t r a p l o i d  v a lu e s .  
A l f e r t ’ s (1951) e x p e r im e n ta l  r e s u l t s  were i n  com plete  a g r e e ­
m ent w i th  b o t h  th e s e  p r e d i c t i o n s .
A somewhat d i f f e r e n t  r e l a t i o n s h i p  between c e l l  
d i v i s i o n  and  DNA s y n t h e s i s  h a s  been d e s c r ib e d  by P a s te e I s  
& L iso n  (1 9 5 1 ) .  These w orkers have fo u n d , u s in g  th e  c y to ­
p h o to m e t r i c  t e c h n iq u e ,  t h a t  d u r in g  th e  e a r l y  embryonic 
deve lop m en t (up to  th e  p lu te u s  s t a g e )  o f  th e  se a  u r c h in  
P a r a c e n t r o t u s  l i v i d u s , th e  n u c l e i  a lw ays c o n ta in  much more 
th a n  tw ic e  th e  DNA c o n te n t  o f  th e  sperm atozo a . M oreover, 
th e  ENA c o n te n t  o f  th e  n u c l e i  i s  g e n e r a l l y  g r e a t e s t  in  th o se  
p a r t s  o f  t h e  embryo in  w hich  grow th  i s  most r a p i d .  These 
o b s e r v a t i o n s  m igh t perhaps  be i n t e r p r e t e d  a s  i n d i c a t i n g  
t h a t  DNA i s  b e in g  s y n th e s i z e d  more r a p i d l y  than  i t  can be 
u s e d  f o r  t h e  fo rm a t io n  o f  new chromosomes and i s  b e in g ,  as 
i t  w e re ,  s t o r e d  f o r  u se  i n  f u t u r e  m i to s e s .  In  t h i s  con­
n e c t i o n  i t  I s  o f  i n t e r e s t  t o  r e c a l l  t h a t  one o f  th e  e a r ly  
o b j e c t i o n s  t o  th e  B o iv in -V en d re ly  h y p o th e s is  was t h a t  in  
A rb a c ia  th e  ovum a p p e a re d  t o  have a  DNA c o n te n t  enormously 
g r e a t e r  th a n  t h a t  o f  th e  sperm atozoon (Vendrely & V endre ly ,
186.
1949b; Schm idt e t  a l . , 1949). I t  was l a t e r  a rg ued  t h a t  
t h i s  r e s u l t  was p ro b a b ly  due to  th e  p re se n c e  i n  th e  ovum 
o f  unknown compounds w h ich  i n t e r f e r e d  w i th  th e  r e a c t i o n s  
by w h ic h  MA was e s t im a t e d  and t h a t ,  f o r  t h i s  r e a s o n ,  th e  
e s t i m a t e d  ENA c o n te n t  o f t h i s  c e l l  was f a l l a c i o u s l y  h ig h  
(V e n d re ly ,  1952; M irsky & R is ,  1951). Some c o lo u r  was 
g iv e n  to  t h i s  s u g g e s t io n  by th e  f a c t  t h a t  i n  th e  f e r t i l i z e d  
eggs  o f  th e  mouse ( A l f e r t ,  1951) and of A s c a r i s  m egalo- 
c e p h a la  (M irsky & R is ,  1951) the  male and  fem ale  p r o n u c le i  
a p p e a r  t o  c o n t a i n  the  same amount o f  MA. New l i g h t  h a s ,  
how ever, r e c e n t l y  b een  thrown on th e  prob lem  by the work 
o f  H o f f - J o rg e n s e n  & Z euthen  (1952). By u s in g  a m ic ro ­
b i o l o g i c a l  a s s a y  method th e s e  w orkers have been a b le  to  show 
t h a t ,  i n  th e  f r o g ,  t h e  u n f e r t i l i z e d  egg c o n ta in s  a p p ro x im a te ­
ly  5 ,000 t im e s  a s  much " d e o x y r ib o s id e ” ( i . e . ,  MA, deoxy- 
r i b o n u c l e o t i d e s  and d e o x y r ib o n u c le o s id e s ) as  th e  sperm atozoon. 
The g r e a t e r  p a r t  o f  t h i s  d e o x y r ib o s id e  ap p ea rs  to  be lo c a te d  
n o t  in  t h e  n u c le u s  b u t  i n  th e  cy top lasm . Fo llow ing  f e r t i ­
l i z a t i o n ,  th e  t o t a l  d e o x y r ib o s id e  c o n te n t  o f  th e  egg rem ains 
c o n s t a n t  f o r  n e a r l y  e ig h t e e n  hours  and does n o t  b eg in  to  
r i s e  u n t i l  th e  embryo has re a c h e d  th e  b l a s t u l a  s ta g e  and 
c o n ta in s  s e v e r a l  th o u sa n d  c e l l s .  There i s  some evidence  
to  s u g g e s t  t h a t  in  th e  s e a - u r c h in  a l s o  the e a r l y  grow tn of 
the  embryo may t a k e  p la c e  w i th o u t  any co rrespond ing  in c r e a s e
i n  t h e  t o t a l  m A c o n te n t  o f  the  egg (Z eu then , 1951). These 
o b s e r v a t i o n s  s u g g e s t  s t r o n g l y . t h a t ,  in  some s p e c ie s  a t  l e a s t ,  
th e  u n f e r t i l i z e d  egg c o n ta in s  two ty p e s  o f  ENA: (1) " f u n c t i o n ­
a l ” DNA, i . e . ,  th e  a c t u a l  MA o f  the  chromosomes, w hich  i s  
p re su m ab ly  e q u a l  i n  amount to  th e  DNA o f  th e  sperm atozoon; 
and  (2) p re fo rm e d  MA (o r  MA p r e c u r s o r s  n o t  r e a d i l y  d i s ­
t i n g u i s h a b l e ,  by th e  u s u a l  methods o f  e s t im a t i o n ,  from  MA 
i t s e l f )  w h ich  i s  a v a i l a b l e  f o r  th e  d u p l i c a t i o n  o f  chromo­
somes i n  t h e  f r e q u e n t  m ito se s  o f  t h e  e a r l y  embryo and  which 
w i l l  t h e r e f o r e  a l lo w  th e  embryo t o  com plete  the  e a r ly  s ta g e s  
o f  d ev e lop m en t unhampered by the  n e c e s s i t y  o f  s y n th e s iz in g  
i t s  own r e q u i r e m e n ts  o f MA.
I t  i s  c l e a r ,  t h e r e f o r e ,  t h a t  th e  r e s u l t s  o b ta in e d  
from  r a p i d l y  grow ing t i s s u e s  and from  e g g s ,  which a t  f i r s t  
s i g h t  m ig h t  a p p e a r  t o  i n v a l i d a t e  th e  m o d if ied  B o iv in -  
V e n d re ly  h y p o t h e s i s ,  a r e ,  i n  f a c t ,  p e r f e c t l y  c o n s i s t e n t  w i th  
i t  a n d ,  in d e e d ,  inasm uch as  th e y  i n d i c a t e  t h a t  m i to s i s  does 
n o t  ta k e  p l a c e  u n t i l  s u f f i c i e n t  DNA h as  been accum ulated  to  
g iv e  b o t h  d a u g h te r  n u c l e i  t h e i r  f u l l  r e s t i n g  complement o f  
M A , t h e y  p r o v id e  f r e s h  e v id e n ce  of th e  c a r d i n a l  im portance  
o f  DNA i n  th e  l i f e  o f  th e  c e l l .
The v a l i d i t y  o f  th e  m o d if ie d  B o iv in -V endre ly  hypo­
t h e s i s  h a s  n o t  so f a r  been d e m o n s tra te d  f o r  any o f  th e  h ig h e r  
p l a n t s .  I t  w i l l  be r e c a l l e d  t h a t  th e  wide and i r r e g u l a r
v a r i a t i o n s  i n  MA c o n te n t  between th e  n u c l e i  o f  d i f f e r e n t  
t i s s u e s  o f  Tr a d e s c a n t i a  w hich  were r e p o r t e d  by S c h rad e r  & 
L e u c h te n b e r g e r  (1949) c o n s t i t u t e d  one o f  th e  e a r l y  o b je c t i o n s  
t o  th e  h y p o t h e s i s .  T h is q u e s t io n  was r e - i n v e s t i g a t e d  by 
S w if t  (1950b) who found  t h a t  a l th o u g h  in  b o th  T rades can t  i a  
and  Zea mays th e  i n d i v i d u a l  n u c l e i  d id  in deed  have d i f f e r e n t  
c o n te n t s  o f  MA, th e s e  g e n e r a l l y  f e l l  i n  th e  r a t i o  
1 : 2 : 4 : 8 : 16 : 32 . S w if t  su g g e s te d  t h a t  t h i s  m ight 
be due t o  p o ly te n y  ( r e d u p l i c a t i o n  of th e  chromonemata t o  
g iv e  chromosomes w i th  2 ,  4 ,  8 ,  e t c . ,  s t r a n d s ) ,  th e  occu rren ce  
o f  w h ich  h a s  been  d e m o n s tra te d  i n  c e r t a i n  p l a n t  t i s s u e s  
(L o rz ,  1947; Kaufmann, 1948) b u t  w hich  i s  n o t  a p p a re n t ly  
known i n  t h e  a n im a l  kingdom, e x c e p t  i n  c e r t a i n  s p e c i a l  cases  
su c h  a s  th e  s a l i v a r y  g la n d s  o f  Dro s o p h i la  (D1 A ngelo , 1950). 
T h is  seems q u i t e  a r e a s o n a b le  s u g g e s t io n ,  s in c e  i f  th e  
gene i s  a  m acrom olecu le  o f DNA i t  would be e x p e c te d  t h a t  a 
chromosome w i th  X s t r a n d s  sh o u ld  c o n ta in  X t im e s  a s  much 
DNA a s  th e  c o r re s p o n d in g  s i n g l e - s t r a n d  chromosome. K um ick  
& H e rsk o w itz  (1952) h a v e ,  i n  f a c t ,  shown t h a t  th e  DNA con­
t e n t  o f  D ro s o p h i la  s a l i v a r y  g land  n u c l e i ,  in  w hich  th e  
chromosomes a r e  th o u g h t  on c y t o l o g i c a l  grounds t o  have about 
1 ,000  s t r a n d s ,  i s  a p p ro x im a te ly  1 ,000 tim es a s  g r e a t  as  t h a t  
o f  th e  n o rm a l d i p l o i d  n u c l e i  o f  the  same s p e c i e s .  S w ift  
was, m o reo v e r ,  a b le  t o  show t h a t  th e  MA c o n te n t  o f the
n u c l e i  w h ic h  he s t u d i e d  was in  some degree  r e l a t e d  t o  t h e i r  
p lo id y  s in c e  n u c l e i  known on g e n e t i c  grounds t o  be t r i p l o i d  
c o n ta in e d  3 ,  6 , 12 o r  24 t im e s  a s  much a s  the  microgam ete 
n u c l e i .  U n f o r t u n a t e ly ,  s in c e  th e se  o b s e rv a t io n s  were pub­
l i s h e d ,  th e  s i t u a t i o n  h a s  been somewhat co m p lica ted  by 
B ry a n ’ s (1951) c la im  (which seems to  be su p p o r te d  a l s o  by 
th e  d a t a  o f  Ogur, E r ic k s o n ,  Rosen, Sax & H olden, 1951) t h a t  
T r a d e s c a n t i a  th e  m icrogam ete c o n ta in s  n o t ,  a s  S w if t  b e ­
l i e v e d ,  t h e  h a p lo id  amount o f  MA b u t  the  d i p lo i d  amount. 
C l e a r l y ,  u n t i l  f u r t h e r  in fo rm a t io n  i s  a v a i l a b l e  b o th  on the 
o c c u r r e n c e  o f  p o ly te n y  i n  p l a n t s  and on th e  v a r i a t i o n s  in  
DNA c o n t e n t  be tw een  the  n u c l e i  o f  d i f f e r e n t  p l a n t  t i s s u e s ,  
th e  r e l a t i o n s h i p  betw een MA and th e  gene in  th e  h ig h e r  
p l a n t s  w i l l  rem ain  somewhat o b sc u re .
The r e s u l t s  o b ta in e d  from m ic ro -o rg a n ism s , on th e  
o t h e r  h a n d , a l th o u g h  n o t  num erous, have been c l e a r - c u t  and 
unam biguous. C a ld w ell  & Hinshelwood (1950) have i n v e s t i ­
g a t e d ,  by c h e m ic a l  a n a l y s i s  o f counted  su sp en s io n s  o f  c e l l s ,  
th e  MA c o n te n t  p e r  c e l l  o f  the  c o l i fo rm  organism  B a c te r ium 
l a c t i s  a e ro g e n e s  and fo u n d  t h a t  i t  rem ains c o n s ta n t  u n d e r  a 
wide v a r i e t y  o f  d i f f e r e n t  c o n d i t i o n s .  Heagy & Roper (1952) 
have shown, u s in g  t h e  same method, t n a t  the  c o n id ia  of 
h a p l o i d  s t r a i n s  o f  A sp erg iM u s  j i i du lans  c o n ta in  ap p rox im ate ly  
h a l f  a s  much MA a s  the  c o n id ia  of th e  co rre sp o n d in g  d i p l o i d
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s t r a i n s . F i n a l l y ,  Ogur, M in k le r ,  L indegren  <k L indegren
(1952) have  d e m o n s tr a te d ,  a g a in  by a n a l y s i s  of c o u n te d  s u s ­
p e n s io n s  o f  c e l l s ,  t h a t  the  MA c o n te n ts  p e r  c e l l  o f  f o u r  
s t r a i n s  o f  y e a s t ,  known on g e n e t i c a l  grounds t o  be h a p lo id ,  
d i p l o i d ,  t r i p l o i d  and  t e t r a p l o i d , a r e  in  the  approxim ate  
r a t i o  1 ; 2 ; 3 : 4 ,  w hereas th e  mean c e l l  w e igh ts  and mean 
c o n t e n t s  p e r  c e l l  o f  RNA and m etaphosphate  a re  in  q u i te  
d i f f e r e n t  r a t i o s .  I t  th u s  a p p e a rs  t h a t  th e  m o d if ied  B o iv in -  
V e n d re ly  h y p o th e s i s  i s  v a l i d  f o r  m ic ro -o rg an ism s .
In  summary, i t  seems ve ry  p ro b ab le  t h a t  the  th e o ry  
t h a t  t h e  MA c o n te n t  p e r  s e t  o f  chromosomes i s  a t  l e a s t  
a p p ro x im a te ly  c o n s t a n t  f o r  t h e  r e s t i n g  in te r p h a s e  n u c le i  
o f  any  g iv e n  s p e c i e s  i s  g e n e r a l l y  v a l i d  f o r  th e  h ig h e r  a n i ­
m als  a n d  f o r  m ic ro -o rg a n ism s .  D e v ia t io n s  from th e  th eo ry  
a re  f o u n d  in  th e  h ig h e r  p l a n t s  b u t  th e re  i s  rea so n  to  b e ­
l i e v e  t h a t  t h i s  may be due to  th e  occu rren ce  o f  p o ly te n e  
chrom osomes. These o b s e r v a t io n s  would seem to  be most e a s i l y  
e x p la in e d  by assum ing  t h a t  in  any g iven  organism  each gene 
i s  a s s o c i a t e d  w i t h  a d e f i n i t e  amount o f DMA which i s  con­
s t a n t  i n  a l l  th e  n u c l e i  o f  t h a t  o rgan ism .
4 . 2  Deoxyrib o n u c l e i c  a c i d  and the  gene^
The p r i n c i p a l  s i g n i f i c a n c e  o f  th e  r e s u l t s  of the  
p r e s e n t  s e r i e s  o f  e x p e r im e n ts  l i e s  in  t h e i r  b e a r in g  on the 
v a l i d i t y  o f  th e  t h e o r y ,  i m p l i c i t  in  the  o r i g i n a l  argum ents
of B o iv in ,  V e n d re ly  & V endre ly  (1948), t h a t  the genes a re  
e s s e n t i a l l y  m acrom olecu les  of MA and t h a t  t h i s  i s  th e  on ly  
f u n c t i o n  w hich  MA s e r v e s .  T his th e o ry  i s  b a sed  on the  b e ­
l i e f  t h a t  t h e  d i r e c t e d  m u ta t io n s  o f  b a c t e r i a  (see  S e c t io n  1 .1 0 )  
can be m ost s a t i s f a c t o r i l y  e x p la in e d  as  b e in g  due t o  genes 
(o r  a t  l e a s t  " g e n e t i c  m a t e r i a l " )  d e r iv e d  from  k i l l e d  donor 
c e l l s  p e n e t r a t i n g  the  n u c l e i  o f  l i v i n g  r e c i p i e n t  c e l l s  and 
p r o d u c in g  a perm anen t change i n  th e  h e r e d i t a r y  c h a r a c t e r  o f  
th e  l a t t e r .  S ince  the  e x p e r im e n ts  of Avery and h i s  c o l ­
l e a g u e s  and o f  B o iv in  (see  S e c t io n  1 .10 )  seem t o  show f a i r l y  
c o n c l u s i v e l y  t h a t  th e  t r a n s fo r m in g  f a c t o r s  which produce 
su c h  d i r e c t e d  m u ta t io n s  c o n s i s t  o f h ig h ly  po lym erized  DNA, 
i t  w ould  a p p e a r  t o  fo l lo w  t h a t  i n  b a c t e r i a  th e  m a t e r i a l  of 
th e  g e n es  m ust a l s o  be MA. T h is  argument has  l o s t  none 
o f  i t s  cogency  s in c e  i t  was f i r s t  propounded by B oivin  
(1 9 4 7 ) .  On th e  c o n t r a r y ,  a d e t a i l e d  s tu d y  by A lexander & 
L e id y  (1950 , 1951) h a s  d e m o n s tra te d  t h a t  Haemophilus i n ­
f l u e n z a e  can  und ergo  d i r e c t e d  m u ta t io n s  s i m i l a r  to  th o se  
p r e v i o u s l y  p ro d u ced  i n  pneumococci and E s c h e r ic h ia  c o l i .
The t r a n s f o r m i n g  f a c t o r  r e s p o n s ib le  f o r  th e s e  m u ta t io n s  has 
s u b s e q u e n t ly  been  shown by Zamenhof, L e idy , A lexand er,  i i t z -  
g e r a l d  & C h a rg a f f  (1952) t o  be a h ig h ly  p o lym erised  MA.
A d eve lop m en t o f  p o s s ib l y  even g r e a t e r  s ig n i f i c a n c e  i s  the  
d e m o n s t r a t io n  by H o tc h k is s  (1951) t h a t  p e n i c i l l i n - s e n s i t i v e
pneum ococci can a c q u i r e  r e s i s t a n c e  to  t h i s  a n t i b i o t i c  by 
a  d i r e c te d ,  m u ta t io n  u n d e r  the  in f lu e n c e  of a t r a n s fo rm in g  
f a c t o r  d e r iv e d  from  p e n i c i l l i n - r e s i s t a n t  c e l l s  o f  the  same 
s p e c i e s .  The a c t iv e  p r i n c i p l e  of t h i s  t r a n s fo rm in g  f a c t o r  
h a s  a l s o  been  i s o l a t e d  a s  a h ig h ly  p o ly m e r ised  DNA on ly  
s l i g h t l y  c o n ta m in a te d  w i th  p r o t e i n .  More r e c e n t l y  A lexander  
& L e id y  (1953) have shown t h a t  s t r e p to m y c in  r e s i s t a n c e  may 
be in d u c e d  i n  s e n s i t i v e  H. in f lu e n z a e  by DMA f r a c t i o n s  ob­
t a i n e d  from  r e s i s t a n t  c u l t u r e s  o f  th e  same s p e c i e s .  I t  
seem s, t h e r e f o r e ,  h ig h ly  p ro b a b le  t h a t ,  in  b a c t e r i a  a t  
l e a s t ,  some g e n es  a re  e i t h e r  th em se lv es  m acrom olecules o f 
ENA, o r ,  a l t e r n a t i v e l y ,  r e q u i r e  th e  p re se n c e  of s p e c i f i c  
IMA m o le c u le s  f o r  t h e i r  a c t i o n .  There i s  a l s o  the  t h i r d  
p o s s i b i l i t y  t h a t  th e  a c t i v e  p r i n c i p l e  o f  the  t r a n s fo rm in g  
f a c t o r s  may be n o t  IMA b u t  some t r a c e  of c o n ta m in a tin g  p ro ­
t e i n  which h a s  n o t  been  removed i n  the co u rse  of p u r i f i c a t i o n .  
T h is  view c a n n o t  be r e g a r d e d  a s  a b s o l u t e ly  u n te n a b le  b u t ,  as 
Avery e t  a l .  (1944), Zamenhof e t  a l .  (1952) and A u s tr ia n  (1952) 
have shown, i t  i s  so u n l i k e l y  to  be c o r r e c t  t h a t  we may 
r e a s o n a b ly  e x c lu d e  i t  from  c o n s id e r a t io n  u n t i l  some p o s i t i v e  
e v id e n c e  i s  b ro u g h t  fo rw a rd  to  su p po rt  i t .
I f  i t  i s  a c c e p t e d  t h a t  DNA i s  c lo s e ly  concerned  w i th  
th e  f u n c t i o n i n g  o f  th e  genes  in  b a c t e r i a ,  i t  may re a so n a b ly  
be assum ed t h a t  i t  p l a y s  a s i m i l a r  r o le  in  the  n u c l e i  of 
th e  h i g h e r  p l a n t s  and a n im a ls .  Most of th e  a v a i l a b l e
e v id e n c e  i s  c o n s i s t e n t  w ith  t h i s  a ssu m p tio n .  On th e  b a s i s  
o f  th e  r e s u l t s  o b ta in e d  by c y to ch em ica l  te c h n iq u e s  (S e c t io n  
1 .8 )  and  b y  a n a l y s i s  o f i s o l a t e d  chrom atin  th r e a d s  (Table
1 2 ) ,  i t  seems f a i r l y  c e r t a i n  t h a t ,  in  g e n e r a l ,  th e  IMA of
th e  n u c le u s  i s  l o c a l i z e d  on th e  chromosomes. The c o r r e c t ­
n e s s  o f  t h i s  view has in deed  been d en ied  by Stedman &
Stedman (1943a, b ,  1947a, b) who c la im  t h a t  chromosomin, the 
n o n - h i s t o n e  p r o t e i n  which th ey  have o b ta in e d  from i s o l a t e d  
n u c l e i  ( s e e  S e c t io n  1 . 5 ) ,  i s  th e  p r i n c i p a l ,  i f  n o t  th e  s o l e ,  
c o n s t i t u e n t  o f  th e  chromosomes and t h a t  MA and h i s to n e  
o c c u r  c h i e f l y  i n  the  n u c le a r  sap o f  the in te r p h a s e  nu c leu s  
and  i n  t h e  s p i n d l e  o f  th e  d iv id in g  n u c le u s .  No e x p e r im e n ta l  
e v id e n c e  h as  been p roduced  i n  su p p o r t  o f  t h i s  v iew , which 
a ssu m es , o f  c o u rs e ,
(a)  t h a t  the  ch rom atin  th r e a d s  i s o l a t e d  by Mirsky and 
o t h e r s  (see  S e c t io n  1 . 4 ) ,  w h ich  have been shown
by c h em ica l  a n a l y s i s  to  c o n ta in  DNA (M irsky, 1947;
se e  a l s o  T able  1 2 ) ,  are n o t  i s o l a t e d  in te r p h a s e  
chromosomes,
(b) t h a t  th e  o b s e r v a t io n c f  Brown, C a llan  & L eaf (1950) 
t h a t  th e  n u c l e a r  sap o f  T r i t u r u s  o'ocytes c o n ta in s  
n o n - h i s to n e  p r o t e i n  i s  n o t  v a l i d  f o r  c e l l  n u c le i
i n  g e n e r a l ,  and 
(c )  t h a t  th e  S tedm ans’ th e o ry  o f  the mechanism of the
F e u lg e n  r e a c t i o n  i s  c o r r e c t ,  i . e . ,  t h a t  f u c h s in -
s u lp h u ro u s  a c i d  combines w i th  s o lu b le  h y d r o ly s i s  
p r o d u c ts  o f  IMA to  g ive a s o lu b le  p u rp le  dye
w h ich  i s  a d so rb e d  by chromosomin, and t h e r e f o r e
t h a t  chromosomes g iv e  a p o s i t i v e  Feu lgen  r e a c t i o n  
n o t  b e ca u se  th e y  th em se lv es  co n ta in  MA b u t  b e ­
c au se  th ey  c o n ta in  chromosomin and a re  i n  c lo s e  
p ro x im i ty  t o  th e  DNA o f  th e  n u c le a r  sap .
I t  h a s  a l r e a d y  been  a rg u e d  t h a t  t h i s  i n t e r p r e t a t i o n  
o f  t h e  mechanism of t h e  F eu lgen  r e a c t i o n  i s  p ro b ab ly  i n v a l i d  
( S e c t io n  3 . 3 ) .  But even  i f  i t s  v a l i d i t y  i s  a c c e p te d ,  i t  by 
no means f o l lo w s  t h a t  DNA i s  a b se n t  from th e  chromosomes and 
i s  c o n f i n e d  t o  th e  n u c l e a r  sa p .  On the c o n t r a r y  Chu & Pai 
(1945) have shown t h a t  i n te r p h a s e  chromosomes m ec h an ica l ly  
d i s s e c t e d  o u t  o f  t h e  n u c l e i  o f  D ro so p h ila  s a l i v a r y  g lands  
and  w ashed  f r e e  o f  n u c le a r  sap  s t i l l  g ive  a p o s i t i v e  Fuulgen 
r e a c t i o n ,  th u s  i n d i c a t i n g  t h a t  t b e y  must c o n ta in  a t  l e a s t  
some o f  the  IMA of the  n u c le u s .  The mere p resence  o f  DNA
in  the  chromosomes does n o t  by i t s e l f  i n d ic a t e  t h a t  i t  i s
n e c e s s a r i l y  conce rned  w i th  t h e  f u n c t io n in g  of th e  gene.
The f a c t ,  how ever, t h a t  some o f th e  s o - c a l l e d  "mutagens" 
u s e d  by  g e n e t i c i s t s  t o  in c r e a s e  the freq u en cy  of spontaneous 
m u ta t io n s  ( e . g . ,  i r r a d i a t i o n  w ith  X -ra y s ,  t r e a tm e n t  w i th  
m u s ta rd  g a s )  a r e  cap ab le  a l s o  o f  depo lym eriz ing  p u r i f i e d  MA 
in  v i t r o  s t r o n g l y  s u g g e s t s  t h a t  t h i s  may w e l l  be the  case
(C h a n u tin  & G je s s in g ,  1946; Sparrow & R o se n fe ld ,  1946; 
T a y lo r ,  Green s t e i n  & H o l la e n d e r ,  1947, 1948; B u t l e r ,  1949; 
S c h o l e s , S t e i n  Sc W eiss , 1949; B u t l e r  & Sm ith, 1950;
B u t l e r  &. Conway, 1950; Conway, G i l b e r t  & B u t l e r ,  1950; 
S c h o le s  & W eiss , 1952).
These o b s e r v a t i o n s ,  i t  w i l l  be n o te d ,  i n d ic a t e  t h a t  
some a t  l e a s t  o f  the  DNA o f  the  n u c le u s  may be c lo s e ly  
a s s o c i a t e d  w i t h  th e  g e n e s .  They do n o t  exclude  th e  p o s s i ­
b i l i t y  t h a t  a n o th e r  f r a c t i o n  o f  the  n u c le a r  MA m igh t perform  
some q u i t e  d i f f e r e n t  f u n c t i o n .  I t  i s  in  t h i s  conn ec tion  
t h a t  t h e  r e s u l t s  o f  the p r e s e n t  s e r i e s  of experim ents  a re  
o f  p a r t i c u l a r  s i g n i f i c a n c e .  L e t  us  suppose t h a t  the MA 
o f  t h e  n u c le u s  d o e s ,  i n  f a c t ,  c o n s i s t  o f  two o r  more f r a c t i o n s  
o n ly  one o f  w h ich  i s  c lo s e ly  a s s o c i a t e d  w i th  th e  genes . I t  
may r e a s o n a b l y  be assumed t h a t  the amount o f  "gene DNA" p e r  
s e t  o f  chromosomes w i l l  be c o n s ta n t  f o r  a l l  the  r e s t i n g  
i n t e r p h a s e  n u c l e i  o f  an o rgan ism . On th e  o th e r  hand, i t  
seems a lm o s t  c e r t a i n  t h a t  th e  amount o f  "non-gene DNA" p e r  
s e t  o f  chromosomes w i l l  va ry  from  one c e l l  type  to  an o th e r  
j u s t  a s ,  f o r  ex am p le , th e  enzyme c o n te n t  o f  th e  n uc leus  
v a r i e s  from  one c e l l  type  to  a n o th e r  (see S e c tio n  1 .6 ) .
I t  seems e q u a l ly  p ro b a b le  t h a t  th e  amount o f  such non-gene 
DNA" i n  a g iv e n  r e s t i n g  in te r p h a s e  n u c le u s  w i l l  depend on 
th e  p h y s i o l o g i c a l  s t a t e  o f  the organism . C le a r ly ,  i f  a
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r e l a t i v e l y  l a r g e  p r o p o r t io n  o f  t h e  MA o f  the  n u c le u s  i s  
in  th e  "no n -gene"  f r a c t i o n  th e r e  w i l l  be c o n s id e ra b le  
d i f f e r e n c e s  i n  t o t a l  MA c o n te n t  p e r  s e t  o f  chromosomes 
be tw een  th e  n u c l e i  o f  d i f f e r e n t  c e l l  t y p e s ,  and th e  average  
DNA c o n te n t  o f th e  n u c l e i  o f  any g iv en  t i s s u e  w i l l  va ry  
d e p e n d in g  on th e  p h y s i o l o g ic a l  s t a t e  of the  organism . But 
th e  r e s u l t s  o f  th e  p r e s e n t  s e r i e s  of experim en ts  have i n d i ­
c a t e d  t h a t  i n  th e  r e s t i n g  in te r p h a s e  n u c l e i  o f  the r a t  th e  
DNA c o n te n t  p e r  s e t  o f  chromosomes i s  p ro b ab ly  c o n s ta n t  or 
v a r i a b l e  o n ly  w i th in  narrow  l i m i t s  and t h a t  i n  a t  l e a s t  
one t i s s u e  ( l i v e r )  th e  av e rag e  MA c o n te n t  of the n u c l e i  i s  
a p p a r e n t l y  u n a f f e c t e d  by a wide v a r i e t y  o f  changes i n  the  
p h y s i o l o g i c a l  c o n d i t i o n  o f  th e  a n im a l .  In  t h i s  s p e c i e s ,  
t h e r e f o r e ,  i t  may be presumed t h a t  a l l ,  o r  a lm ost a l l ,  th e  
DNA of the  n u c le u s  i s  c l o s e l y  a s s o c i a t e d  w i th  the g e n e s .
In  t h e  p r e c e d in g  s e c t i o n  argum ents were p re s e n te d  in  fav o u r  
o f  assum ing  t h a t  the av e rag e  DNA c o n te n t  p e r  s e t  of chromoso­
mes i s  c o n s t a n t  n o t  only f o r  a l l  an im al s p e c ie s  b u t  a l s o  
f o r  m ic ro -o rg a n is m s  and, i f  a llow ance  i s  made f o r  p o ly te n y , 
f o r  the  h i g h e r  p l a n t s .  I f  t h e s e  arguments a re  a c c e p te d  
i t  would f o l lo w  t h a t  i n  a l l  ty p e s  o f organism s the MA of 
th e  n u c le u s  sh o u ld  be r e g a rd e d  as be ing  e n t i r e l y  and ex­
c l u s i v e l y  c o n c e rn e d  w i th  t h e  f u n c t io n in g  of the  genes. I f  
t h i s  c o n c l u s i o n  i s  c o r r e c t ,  i t  c l e a r l y  marks a c o n s id e ra b le
advance  i n  o u r  u n d e r s ta n d in g  o f  the  b io c h e m is t ry  of the 
n u c l e u s .
The p r e c i s e  n a tu r e  of th e  p o s t u l a t e d  r e l a t i o n s h i p  
b e tw een  MA and  th e  gene has n o t  y e t  been e s t a b l i s h e d .
B o iv in  (1 9 4 7 ) ,  as has  a l r e a d y  been i n d i c a t e d ,  seems t o  have 
c o n c e iv e d  o f  th e  gene i t s e l f  a s  b e in g  e s s e n t i a l l y  a macro­
m o le c u le  o f MA. T h is  i s  c e r t a i n l y  the s im p le s t  th e o ry  
by w hich  t h e  o b se rv ed  f a c t s  can be e x p la in e d  and t h e r e  can ­
n o t  be s a i d  to  be any d e f i n i t e  ev iden ce  a g a i n s t  i t .  The 
r e s u l t s  o f  th e  i n v e s t i g a t i o n s  o f  n u c l e i c  a c i d  com position  
c a r r i e d  o u t  d u r in g  th e  l a s t  s i x  y e a r s  have g e n e r a l ly  su p p o r te d  
th e  view t h a t  MA (and  MA) m o le cu le s  may p o sse s s  th e  same 
h ig h  d e g re e  of s p e c i f i c i t y  a s  p r o t e i n  m o lecu le s  (see S e c tio n  
1 . 2 ) .  M oreover, th e  r e s u l t s  of the  most r e c e n t  X -ray  
s t u d i e s  a p p e a r  to  I n d i c a t e  t h a t  the  MA m olecu le  may have a 
s t r u c t u r e  of c o n s id e r a b le  g e o m e tr ic a l  com plex ity  (P au lin g  & 
C orey , 1953a, b ;  Watson & C rick ,  1953; W ilk in s ,  S tokes & 
W ilso n ,  1953; F r a n k l in  & G o s lin g , 1953). The h y p o th e s is  
t h a t  th e  gene i s  a m acrom olecule o f  MA need  n o t ,  t h e r e f o r e ,  
be r e j e c t e d  on th e  g round  t h a t  the  MA m olecu le  i s  too  
s im p le  to  s e r v e  so complex a f u n c t io n .
The r e a l  d i f f i c u l t y  in  a c c e p t in g  the view t h a t  the  
gene c o n s i s t s  e n t i r e l y  of MA l i e s  in  t  ry in g  to e x p la in  how 
th e  number and  sequence  o f  the  n u c le o t id e s  In  a m olecule of 
MA can  i n  any  way in f lu e n c e  th e  m etabolism  o f  the  c e l l .
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Bounce (1952b) h as  r e c e n t l y  t r i e d  to  so lv e  t h i s  problem  by 
p o s t u l a t i n g  th e  e x i s t e n c e  o f  a s e r i e s  o f  enzymes by means 
o f  w h ich  a  p o ly p e p t id e  c h a in  m ight be s y n th e s iz e d  a lo n g s id e  
a  n u c l e i c  a c i d  m o le c u le ,  the sequence o f  a m in o -ac id s  in  th e  
fo rm e r  b e in g  d e te rm in e d  by th e  sequence o f  n u c l e o t i d e s  in  
th e  l a t t e r .  In  t h i s  way a p a r t i c u l a r  n u c le ic  a c id  m olecu le  
m ig h t c a t a l y s e  (o r  " d i r e c t " )  the  p ro d u c t io n  o f  a la rg e  
num ber o f  i d e n t i c a l  p r o t e i n  m o le c u le s .  At the  moment, u n ­
f o r t u n a t e l y ,  t h i s  in g e n io u s  th e o ry  i s  p u re ly  s p e c u l a t i v e ,  
none o f  t h e  p o s t u l a t e d  enzymes hav ing  so f a r  been shown to  
e x i s t .  Judgment on i t s  v a l i d i t y  m ust th e r e f o r e  be r e s e r v e d  
u n t i l  f u r t h e r  e v id e n c e  i s  a v a i l a b l e .
I t  may be t h a t  one re a so n  f o r  the g e n e r a l  r e lu c ta n c e  
to  b e l i e v e  t h a t  th e  gene c o n s i s t s  e n t i r e l y  o f  IMA i s  t h a t ,  
p r im a  f a c i e , t h e  p r o t e i n s  w i th  t h e i r  much more v a r i e d  and 
i n t r i c a t e  s t r u c t u r e  and t h e i r  c a p a c i ty ,  in  c e r t a i n  c a s e s ,  
f o r  p e r f o r m in g  h ig h ly  s p e c i a l i s e d  fu n c t io n s  ( e . g . ,  m yosin, 
cy to c h ro m e , p e p s i n ,  c o l l a g e n ,  i n s u l i n )  would seem much more 
l i k e l y  t o  fo rm  th e  m a t e r i a l  o f  the  gene th a n  DMA. Moreover 
th e  g e n e r a l l y  a c c e p te d  th e o r y  t h a t  i n  th e  p ro d u c t io n  of 
a n t i b o d i e s  th e  a n t i g e n  m o le cu le s  a c t  a s  tem p la te s  on ivhich 
a n t ib o d y  m o le c u le s  a r e  form ed (Boyd, 1947; P a u l in g ,  1948; 
H a u ro w itz ,  1949 , 1952) would seem to  p rov ide  a p o s s ib le  
model o f  t h e  m echanism by which a p r o t e i n  gene m ight d i r e c t  
th e  s y n t h e s i s  o f  a l a r g e  number of I d e n t i c a l  p r o te in
m o le c u le s .  I f  t h i s  th e o r y  i s  c o r r e c t  t h e  gene m ust be 
r e g a r d e d  e i t h e r  as  a IMA—p r o t e i n  complex o r ,  a l t e r n a t i v e l y  
a s  a  p r o t e i n  which r e q u i r e s  th e  p resen ce  o f  a s p e c i f i c  
s p e c i e s  o f  DMA f o r  i t s  a c t i o n .  At the moment, however, 
t h e r e  i s  no  r e a l  ev idence  to  su g g e s t  t h a t  any of th e  n u c l e a r  
p r o t e i n s  so  f a r  s t u d i e d  (see  S e c t io n  1,5} I s  conce rn ed  w ith  
t h e  f u n c t i o n i n g  a t  th e  g en e . At th e  same time th e  demon­
s t r a t i o n  by B in k le y  (1952) t h a t  an a p p a r e n t ly  pure and 
p r o t e i n - f r e e  p r e p a r a t i o n  o f  KM A i s  capab le  of h y d ro ly s in g  
th e  d i p e p t i d e  c y s t e y lg ly c in e  may be tak e n  a s an  I n d ic a t io n  
t h a t  t h e  n u c l e i c  a c i d s  may w e l l  p o ss e s s  as y e t  u n d isc o v e re d  
b i o l o g i c a l  p r o p e r t i e s .
The on ly  e x p e r im e n ta l  ev id en ce  which a p p e a rs  to  c a s t  
some d o u b t  on th e  concep t of th e  gene as  a m acromolecule of 
DMA h a s  b e en  d e r iv e d  from  i s o to p e  experim en ts  on the  m eta­
b o l i s m  o f  th e  n u c l e i c  a c i d s .  W hatever the  m a t e r i a l  o f  the 
gene may be i t  m ust p resum ably  be c h a r a c t e r i z e d  by a q u i te  
e x c e p t i o n a l  d e g re e  of m e ta b o l ic  s t a b i l i t y .  Indeed , one 
m igh t n o t  u n r e a s o n a b ly  co n ce iv e  of such m a t e r i a l  as b e ing  
s y n t h e s i z e d  o n ly  when genes a re  d u p l i c a t e d  and a s  be in g  
b roken  down o n ly  a t  the  d e a th  o f  the c e l l .  The e a r l y  i s o ­
tope  e x p e r im e n ts  (see  S e c t io n  1 .9 )  d id  indeed le n d  some 
s u p p o r t  t o  t h i s  co n cep t of DMA as b e in g ,  in  t i s s u e s  in  which 
m i to s e s  a r e  I n f r e q u e n t ,  m e ta b o l i c a l l y  q u i te  i n e r t .  More
r e c e n t  e x p e r im e n ts  on s i m i l a r  l i n e s  h av e , however, g iv en  
v e ry  d i f f e r e n t  r e s u l t s .  In  ou r  p r e s e n t  ig n o ran ce  o f  th e  
r e a c t i o n s  by  w hich  IMA i s  s y n th e s iz e d  and b ro ken  down the  
i n t e r p r e t a t i o n  o f  th e se  p r e s e n t s  some d i f f i c u l t i e s .  N ev er­
t h e l e s s  i t  seems q u i t e  c l e a r  t h a t ,  even in  t i s s u e s  i n  which 
m i to s e s  a r e  r a r e ,  t h e r e  I s  a c o n tin u o u s  and a p p re c ia b le  
breakdow n and s y n t h e s i s  o f  IMA (Elwyn & S p r in so n , 1950;
Le Page & H e id e lb e r g e r ,  1951; H e id e lb e rg e r  & Le Page, 1951; 
V o lk in  5c C a r t e r ,  1951; T o t t e r ,  V o lk in  & C a r te r ,  1951).
F i n a l l y ,  i f  e a c h  gene i s ,  i n  f a c t ,  a macromolecule of 
DNA, i t  sh o u ld  be p o s s ib l e  to  o b ta in  an e s t im a te  of i t s  
m o le c u la r  w e ig h t  f rom  the  number of genes p e r  s e t  of chromo­
somes and DNA c o n te n t  p e r  s e t  o f chromosomes. U n fo r tu n a te ly  
m ost o f  t h e  a t t e m p ts  to  c a l c u l a t e  th e  number of genes p e r  
s e t  o f  chromosomes have been c a r r i e d  o u t  on D roso ph ila  and 
f o r  t h i s  s p e c i e s  no  r e l i a b l e  e s t im a te  of the IMA c o n te n t  
p e r  s e t  o f  chromosomes i s  y e t  a v a i l a b l e .  I t  h a s ,  however, 
been  e s t i m a t e d  t h a t  in  man the  number o f  genes p e r  s e t  of 
chromosomes i s  o f th e  o rd e r  of 30 ,000 - 120,000 ( S te m ,
1950; S i n n o t ,  Dunn & Dobzhansky, 1952). We m igh t, t h e r e ­
f o r e ,  t a k e  the  f i g u r e  o f  100,000 as  a v e ry  rough e s t im a te  
o f  th e  number o f  genes p e r  s e t  o f  chromosomes in  the  r a t .
In  t h e  p r e s e n t  s e r i e s  of experim en ts  i t  has been shown t h a t  
in  t h e  same s p e c i e s  a d i p l o i d  n u c le u s  c o n ta in s  r a t h e r  l e s s  
th an  7 pg . o f  IMA (Table 2 0 ) .  A s in g le  s e t  o f  chromosomes
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t h e r e f o r e  c o n t a i n s  7/ 2  = 3 ,5  pg . of IMA, Hence the  av e rag e
IMA c o n t e n t  o f  a  s in g l e  gene = 5 ,5 /lO O ,000  = 3 .5  x  10“5 pg. 
-1 7= 3 .5  x  10 g. Taking Avogadro’ s Number to  be a p p ro x l -  
23m a te ly  6 x  10 , th e  m o le c u la r  w eigh t o f  a  s in g l e  gene,
assum ing  i t  t o  be a s in g le  m olecule  o f  IMA = 3 .5  x  10“ 17 x 6 
23x 10 = 2 1 ,0 0 0 ,0 0 0  a p p ro x im a te ly .  This f i g u r e  may be com­
p a re d  w i th  th e  e s t im a t e s  ra n g in g  from 35,000 to  over  
3 ,7 0 0 ,0 0 0  o b t a in e d  f o r  the  m o le c u la r  w e ig h t  o f i s o l a t e d  DNA 
by v a r i o u s  w orkers  (Table 2 ) ,  and w i th  th e  c a l c u l a t i o n ,  
b a s e d  on m easurem ents of t h e  volume of D ro so p h ila  chromosomes, 
t h a t  t h e  m o le c u la r  w e i g h t  o f  th e  gene p ro b ab ly  does n o t  
ex ce ed  2 5 ,0 0 0 ,0 0 0  (Lea, 1946; Srb & Owen, 1952). On th e  
o t h e r  h a n d ,  c a l c u l a t i o n s  b ased  on measurements o f  the muta­
g e n ic  e f f e c t s  of X -rays  have g e n e r a l l y  i n d ic a t e d  t h a t  the  
d ia m e te r  o f  t h e  gene i s  n o t  g r e a t e r  th a n  10 mja. and  t h a t  i t s  
m o le c u la r  w e ig h t  i s  p ro b a b ly  of the  o rd e r  of 100,000 (Lea, 
1946; C a tc h e s id e ,  1948; Srb & Owen, 1952).
In  th e  m eantim e, t h e r e f o r e ,  i t  would seem w ise  to  
r e s e r v e  judgm ent on th e  q u e s t io n  of th e  chem ical n a tu re  of 
th e  gene  u n t i l  more ev idence  i s  fo r th co m in g . Caution i s  
e s p e c i a l l y  n e c e s s a r y  i n  view of our p r e s e n t  ignorance  o f  the  
n a tu r e  and  p r o p e r t i e s  of the o th e r  chem ical components of the  
n u c le u s .  Our knowledge o f  the  com position  and s t r u c t u r e  of 
th e  n u c l e a r  p r o t e i n s ,  f o r  exam ple, i s  s t i l l  f a r  too  liun-ted
to  o f f e r  any i n d i c a t i o n  of t h e i r  p o s s ib l e  f u n c t i o n .  More­
o v e r ,  when i t  i s  r e c a l l e d  t h a t  a l th o u g h  the  n u c l e i c  a c id s  
were d i s c o v e r e d  in  1868, no r e a l  u n d e rs ta n d in g  o f  th e  
f u n c t i o n  o f  IN A was a c h ie v e d  u n t i l  Avery i n v e s t i g a t e d  the  
pneum ococcal t r a n s fo rm in g  f a c t o r  n e a r l y  e ig h ty  y e a r s  l a t e r ,  
i t  w i l l  be  a p p r e c i a t e d  t h a t  i t  would be very  r a s h  to  assume, 
l e t  u s  s a y ,  t h a t  no c o n n e c tio n  e x i s t s  between th e  genes and  
th e  n u c l e a r  p r o t e i n s  m ere ly  because  no such c o n n ec tio n  has 
y e t  been d e m o n s tra te d .  I t  may w e l l  be t h a t  when th e  
n u c l e a r  p r o t e i n  f r a c t i o n s  have  been th o ro u g h ly  in v e s t i g a t e d  
th e y  w i l l  be fo u n d  t o  c o n ta in  p r o t e i n s  w ith  b i o l o g i c a l  p ro ­
p e r t i e s  q u i t e  a s  rem arkab le  a s  th o se  o f  th e  b a c t e r i a l  
t r a n s f o r m i n g  f a c t o r s .
N e v e r t h e l e s s ,  the  f a c t  rem ains t h a t  none of th e  o th e r  
c h e m ic a l  components o f  th e  n u c le u s  p o s s e s se s  any o f  the 
c h a r a c t e r i s t i c s  w hich  would be ex p ec ted  in the m a te r i a l  of 
th e  g e n e .  N u c le a r  RITA, f o r  example, v a r i e s  in  com position  
from  one t i s s u e  t o  a n o th e r  w i th in  th e  same s p e c ie s  (see
S e c t io n  1 .7  and  T able  6 ) ,  and has  moreover a much g r e a t e r
m e ta b o l i c  a c t i v i t y  than  BNA (see  S e c t io n  1 .9 ) .  The com­
p o s i t i o n  o f  th e  b a s ic  p r o t e i n s  of th e  n u c le u s  a l s o  v a r i e s
from  one t i s s u e  t o  a n o th e r  w i th in  th e  same sp e c ie s  (see
S e c t io n  1 .5  and  T able  9 ) .  "R es id u a l  p r o t e i n " ,  the  non­
h i s t o n e  p r o t e i n  fo u n d  i n  i s o l a t e d  chrom atin  th re a d s  
( S e c t io n  1 . 5 ) ,  m igh t be r e g a rd e d  as a p o s s ib le  m a te r i a l
f o r  the  g e n e ,  h u t  th e  r a t i o  " r e s i d u a l  p ro te in " /M A  (which, 
s in c e  th e  ENA c o n te n t  p e r  s e t  o f  chromosomes i s  c o n s t a n t ,  
i s  p r o p o r t i o n a l  t o  the  " r e s i d u a l  p r o te in "  c o n te n t  p e r  s e t  
o f  chromosomes) v a r i e s  so much from one t i s s u e  to  a n o th e r  
w i t h in  th e  same s p e c ie s  (see  Table  12) t h a t  t h i s  p o s s i b i l i t y  
a l s o  seem s to  be e x c lu d e d .  F i n a l l y ,  the  work of S t e m  e t  
a l .  (1952) (see  S e c t io n  1 .6 )  has shown t h a t  n u c l e i  from  
d i f f e r e n t  t i s s u e s  o f  th e  same s p e c ie s  have d i f f e r e n t  enzymic 
p r o p e r t i e s .  There i s  no r e a s o n ,  t h e r e f o r e ,  f o r  assum ing 
t h a t  t h e r e  i s  any s p e c i a l l y  c lo s e  r e l a t i o n s h i p  between the  
g en es  and  th e  n u c l e a r  enzymes. The one su b s tan ce  which 
a p p e a r s  t o  rem ain  c o n s ta n t ,  n o t  only i n  amount pe r  s e t  of 
chromosomes b u t  a l s o  in  c o m p o s it io n  f o r  d i f f e r e n t  t i s s u e s  
o f  t h e  same s p e c i e s ,  i s  ENA (see  S e c t io n  1 .2 ) .  On th e  
b a s i s  o f  th e  e v id en ce  a t  p r e s e n t  a v a i l a b l e ,  t h e r e f o r e ,  i t  
seems n o t  u n re a s o n a b le  t o  conclude  t h a t ,  i f  th e  gene con­
s i s t s  o f  a  s i n g l e  s u b s ta n c e ,  t h a t  su b s ta n c e  i s  most p ro b ab ly  
TDNA. I f ,  on th e  o th e r  hand , th e  gene i s  a complex of 
s e v e r a l  s u b s t a n c e s ,  i t  would seem e q u a l ly  p ro b ab le  t h a t  31IA 
s h o u ld  p l a y  a  m a jo r  and s p e c i f i c  p a r t  in  the  fo rm a tio n  of 
su ch  a com plex .
P a r t  V.
Summary o f  E x p e r im e n ta l  R e s u l t s .
Summary of  E x ^ r j m e n t a
5 • 1 E x p e r im e n ts  d e s c r i bed  in  P a r t  I I ,
1. The a v e ra g e  d e o x y r ib o n u c le ic  a c id  phosphorus 
( M A P )  c o n te n t  p e r  n u c le u s  h as  been d e te rm in e d  in  v a r io u s  
t i s s u e s  o f  th e  r a t  by g r o s s  chem ical a n a l y s i s  o f  i s o l a t e d  
n u c l e i .  F o r th e  l i v e r  the. W A P ,  r i b o n u c l e i c  a c i d  p h o s­
p h o ru s  (M A P), l i p i d  phosphorus  (LP) and p r o t e i n  n i t r o g e n  
(PN) c o n te n t s  of th e  whole o rgan  were a l s o  e s t im a te d  and 
th e  e f f e c t s  o f  such  f a c t o r s  a s  se x ,  a g e , s t r a i n  and  d i e t  
were i n v e s t i g a t e d .  The a v e ra g e  c e l l  c o m p o s it io n  in  the  
l i v e r  was c a l c u l a t e d  from  th e  a v e ra g e  MAP c o n te n t  o f  i t s  
n u c l e i  and  th e  r e s u l t s  o f  th e  whole t i s s u e  a n a l y s i s .
2 . In  s p l e e n ,  k id n e y ,  p a n c r e a s ,  sm a ll  i n t e s t i n e ,  
l e u c o c y t e s ,  bone marrow, thym us, h e a r t ,  lung and s a l i v a r y  
g la n d  th e  a v e ra g e  MAP c o n te n t  p e r  n u c le u s  i s  o f  the  o rd e r  
o f  0 .6 5  t o  0 .7 0  pg . i n  b o th  young and a d u l t  a n im a ls .
3 .  In  th e  l i v e r  th e  av e rag e  MAP c o n te n t  p e r  n u c le u s  
i s  o f  th e  o r d e r  o f  0 .9 0  pg . in  a d u l t  r a t s  and 0 .75  to
0 .8 0  p g .  in  embryos and young a n im a ls .
4 .  In  th e  a d u l t  r a t  th e  a v e rag e  MAP c o n te n t  p e r  
n u c le u s  in  t h e  l i v e r  does  n o t  v a ry  w ith  se x ,  s t r a i n  o r  body 
w e ig h t  and i s  n o t  a f f e c t e d  by f a s t i n g ,  by a p r o t e i n - f r e e  
d i e t ,  by a . t h i a m i n e . - d e f i c i e n t  d i e t ,  by a h ig h  f a t  d i e t ,  by 
t h i o a c e t a m i d e , by a d i a b e to g e n ic  dose  of a l lo x a n  o r  by 
p re g n a n c y .
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5 . The av erage  MAP c o n te n t  p e r  n u c le u s  i s  s i g n i f i ­
c a n t l y  d ecreased , m  th e  l i v e r s  o f  a d u l t  r a t s  f o l lo w in g  p r o ­
lo n g e d  f e e d i n g  of p -d im e th y lam in o azo b en zen e .
6. D uring  th e  f i r s t  f o u r  days f o l lo w in g  p a r t i a l  
h e p a te c to m y  th e  a v e ra g e  MAP c o n te n t  p e r  n u c le u s  in  the  
r e m a in in g  f ra g m e n t  o f  th e  l i v e r  i s  10 to  50^ above th e  
n o rm al  v a l u e .
7 . The a v e ra g e  c e l l  mass and  th e  av e rag e  c o n te n t  p e r  
c e l l  o f  KNAP, LP and PN in  the l i v e r  a re  20 to  30g! low er in  
th e  n o rm al fem a le  a d u l t  r a t  th an  in  th e  m ale . In  p regnancy  
th e  a v e ra g e  c e l l  mass and  c o n te n t  p e r  c e l l  of KNAP, LP and 
PN a r e  i n c r e a s e d .
8 . F a s t i n g ,  p r o t e i n  d e f i c i e n c y  and th ia m in e  d e fic ien c? /  
do n o t  a f f e c t  th e  number o f  c e l l s  i n  the  l i v e r  b u t  cause  a 
d e c r e a s e  i n  t h e  a v e ra g e  mass and th e  MAP, LP and PN c o n te n t  
o f  i t s  c e l l s .
9 .  A d i a b e to g e n ic  dose of a l l o x a n  causes  a d e c rea se  
i n  l i v e r  w e ig h t  and i n  th e  t o t a l  c o n te n t  o f  MAP, LP and PM 
i n  th e  l i v e r .
10 . T h io ace tam id e  a p p e a rs  t o  have no e f f e c t  on th e  com­
p o s i t i o n  o f  whole l i v e r  t i s s u e  a l th o u g h  i t  c a u se s  an in c r e a s e  
in  t h e  s i z e  o f  th e  n u c l e i .
11, P ro lo n g e d  s .d m in is t r a t io n  o f  p-ciimethylaminoazo- 
benzene  r e s u l t s  In  an I n c r e a s e  in  th e  number o f  cells in the 
l i v e r  and. a r e d u c t io n  of th e  averag e  cell mass and average
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c o n te n t  o f MAP, LP and PN. These e f f e c t s  o ccu r  b o th  in  
l i v e r s  w i t h  ob v ious  tumours and in  l i v e r s  t h a t  have n o t  
r e a c h e d  t h i s  s t a g e .
12. The a d v a n ta g e s  o f  e x p re s s in g  r e s u l t s  o f  t i s s u e  
a n a l y s e s  In  r e l a t i o n  to  HA c o n te n t  a r e  d i s c u s s e d .
5 • 2 E x p e r im e n ts  d e s c r ib e d  in  P a r t  I I I .
1 . The r e l a t i v e  d e o x y r ib o n u c le ic  a c i d  (ENA) c o n te n ts  
o f  i n d i v i d u a l  n u c l e i  in  v a r i o u s  r a t  t i s s u e s  have been e s t i ­
m ated  by a c y to p h o to m e tr ie  m ethod.
2 . The n u c l e i  o f  k id n e y ,  sm a ll  i n t e s t i n e ,  p a n c rea s  
and  l i v e r  a p p e a r  t o  f a l l  i n t o  f o u r  c l a s s e s  w ith  r e s p e c t  t o  
t h e i r  c o n te n t  o f  H A . C lass  I  n u c l e i  c o n ta in  ap p ro x im ate ­
l y  tw ic e  a s  much, C lass  I I  n u c l e i  a p p ro x im a te ly  f o u r  t im es 
a s  much, C la s s  I I I  n u c l e i  a p p ro x im a te ly  e i g h t  t im es  a s  much, 
and C la s s  IV n u c l e i  a p p ro x im a te ly  s i x t e e n  t im e s  a s  much IMA 
a s  r a t  sp e rm a to zo a .
3 .  A l l  th e  n u c l e i  o f  k id n ey  and i n t e s t i n e  a p p e a r  t o  
b e lo n g  to  C la s s  I  w i th  e x c e p t io n  of a sm a ll  p e rc e n ta g e  
w hich  may b e lo n g  t o  C lass  I I .
4 .  In  p a n c re a s  a b o u t  20?! o f  the  n u c l e i  b e lo n g  t o  
C la s s  I I  and  th e  re m a in d e r  to  C lass  I .
5 .  In  n o rm al l i v e r  a b o u t  1 -  2^  o f  the  n u c l e i  b e lo n g  
to  C la s s  I I I ,  a b o u t  40f! t o  C lass  I I ,  and th e  rem ainder t o  
C la s s  I .
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6. In  a l i v e r  i n f i l t r a t e d  w i th  tum our n o d u le s  i n ­
duced  by p ro lo n g e d  a d m i n i s t r a t i o n  o f  p -d im e th y lam in o azo -  
b en zene  i t  was found  t h a t  a b o u t  1% o f  the  n u c l e i  be long ed  
t o  C la s s  IV, ab o u t  4 -  t o  C lass  I I I ,  about 11;% to  
C la s s  I I ,  and  th e  rem a in d e r  t o  C lass  I .
7 .  I t  has been found  t h a t  48 ho u rs  a f t e r  p a r t i a l  
h e p a te c to m y  a b o u t  1% of t h e  n u c l e i  in  the  rem ain ing  f r a g ­
ment o f  l i v e r  b e lo n g  to  C lass  IV, abou t 15;.! t o  C lass  I I I ,  
a b o u t  25?! t o  C lass  I I ,  and th e  rem a in d e r  to  C lass  I .
8 . E v idence  i s  p roduced  t o  show t h a t  th e  c o e f f i c i e n t  
o f  v a r i a t i o n  between th e  W k  c o n te n ts  o f  i n d iv i d u a l  n u c l e i  
o f  th e  same C la s s  does  n o t  exceed  5 -  15^.
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